AD-Al11 478

UNCLASSIFIED
I‘

NAVAL SURFACE WEARONS CENTER SILVER SPRING MD F/6 17/1
OUTPUT SIGNAL CONDITIONER BASIC HARDWARE., (U)

OCT 80 J A LAANISTO

NSWC/TR=80-433




Jllo ¥
= |z

.1 g
= n

22 i hie




ADA111478

NSWC TR 80-433

OUTPUT SIGNAL CONDITIONER BASIC
HARDWARE DESCRIPTION

BY JAAN A. LAANISTO

UNDERWATER SYSTEMS DEPARTMENT

&
1.001' OBER 1980

Approved ‘or public relesse, distribution unlimited.

.
.....

NAVAL SURFACE WEAPONS CENTER

Dshigren, Virginia 22448 e Silver Spring, Maryland 20910




UNCLASSIFIED

SECURITY CLASSIFICATION OF TiiS PAGE (When Dasa Entered)

U
REPORT DOCUMENTATION PAGE BEF O TR CTIONS o
- REPO NUMBER 2. GOVY ACCESSION NO.II RECIPIENT'S CATALOG NUMBER !
NSWC TR 80 - 433 Rd-pI Y 258 f
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED ' 3
OUTPUT SIGNAL CONDITIONER BASIC HARDWARE FINAL |
8. PERFORMING ORG. REPORT NUMBER [
1
[ Troncs % CONTRACT OR GRANT WUWSEWH ]
Jaan A. Laanisto
M e ST =S e
9. PERFPORMING ORGANIZATION NAME AND ADDRESS 10:- PROGRAM ELEMENT. PROJECT, TASK
Naval Surface weapons center (code U22) AREA & WORK UNIT NUMBERS
White Oak, Silver Spring, Md. 20910 63254N; 1701319.1904; |
A370-370K/004C/0W0476-AS00; _.
1. CONTROLLING OFFICE NAME AND ADORESS 12"5&0!7 DATE
Naval Air Systems Command {
Department of the Navy [13. NUMBER °'f£§'“ .
Washington, D.C. 20361 (e |
MONITORING AGENCY NAME & AODRESS(if ditferent from Controlling Oftice) 13. SECURITY CLASS. (of this report) 3
UNCLASSIFIED i
4
E

T8a. DEGLASSIFICATION/ DOWNGRADING
SCHEDULE

m ——
16. DISTRIBUTION STATEMENT (of this Report) e Tt

Approved for public release, distribution unlimited

17. DISTRISUTION STATEMENT (of the sbetract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

-

19. XEY WORDS (Continue on reverse side i ary and tdentify by block number)

DASS, Output Signal Conditioner Basic Hardware (OSCEH)
AN/UYS-1, Digital Simulation, Random Number Generator

2\

™ AT \me Gutput Signal Conditioner Basic Hardws
tput itioner Basic Hardware (OSCBH) was designed to
provide digital to analog c version of simulated data generated by the
Digital Acoustic Semsor Sys ,8dd a high speed Random Number Genmerator to
be used by the simulation algorithms in the AN/UYS-1. Details concerning
the design, construction and testing of unit are given,in this report.

C/'.q

RN % P e S T I

DD ,"9% 1473 coimon oF 1 nov o8 1S OesoLRTR CLAS
1ian 72 S/N 0102.LF-014-6601 Ll 48 1)

V ] f { SECUMTY CLASSIFICATION OF THIS PAGE (When Dere

=, —— e rr - - :
TR - T 2 SR k. v » [ om oy todng e 2N .
y _ . L _ o o o o n el . : ' i int gy st ROg A ¥ Al Bl e o

ored)




i 8 - Aol A IR d

ot e e s cmcume m s e eeieam - B . "

4
UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dace Entered) 5
k4
S
s 1
|
i
1
1
I
* |
; .
i
; -
]

e sl

| o e

T T R

B v TR
-

UNCLASSIFIED

SECURITY CLASEIRICATION OF Twig PAGR/"hon Dara Entered)

- —~——y . e oo 2 -
e - E.. v - _ : G T T e———
T R e g e Ll RO e T '*“\‘ o Wy S LT




NSWC TR 80-433

FOREWORD

The Output Signal Conditibner Basic Hardware (OSCBH) was designed and
constructed to provide certailnh capabilities for the Digital Acoustic Sensor
Simulator (DASS) (Figure 1), "The DASS System utilizes two processors to provide
a two stage simulation system. An AN/UYK-20 minicomputer is used as a
preprocessor which accepts user modeling parameters and converts them into a
form to be input to the second processor which generates the simulated wave
forms. The second processor used is the AN/UYS-1 which is a high speed
programmable processor controlled by a general purpose computer. The OSCBH is
interfaced to the AN/UYS-1l to provide two major functions, a means of converting
simulated sonobuoy analog waveforms from the stored waveforms in the AN/UYS-1
and a high speed random number generator to be used by the simulation algorithms
in the AN/UYS-IO .
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) CHAPTER 1

; HARDWARE REQUIREMENTS

4 The capabilities provided by the OSCBH for the DASS are:

a. 24 Digital to Analog (D/A) channels sampling a software defined data
area in AN/UYS-1 memory

b. high speed generation of pseudo-random number sequences to be stored
into a software defined area in AN/UYS-l memory

c. an interrupt generating active ping recognition capability ]
d. software accessible control and status registers within the OSCBH. (

- After exawining the interface alternatives offered by the AN/UYS-1, several
‘ conclusions were made. The first conclusion was that the high data rate
required by the OSCBH and the AN/UYS-1 software to execute the simulation
algorithms precluded use of the PROTEUS Input/Output Channels (PDC). The
second conclusion was that the Input Signal Conditioner (ISC) subunit in the
AN/UYS-1 would not be utilized by the DASS simulation algorithms and could
: therefore be removed. An analysis of the interfacing available between the
f ~ AN/UYS-1 and the ISC revealed that the OSCBH could replace the ISC. The data
busses available in the AN/UYS~l1 were the Error Correcting Data Bus (ECDB) and
the External Data Bus (EDB). The ECDB allows transfer of data to and from
memory at an acceptable rate to meet requirements with the critical write cycle
being one 32-bit data word in 400 nano seconds or at a rate of 2.5 MHz. The EDB
provides a means of transferring control and status information to and from the
OSCBH. In addition to the data busses, an interrupt (ISC interrupt) line and
power were available to the OSCBH. The main disadvantage to using the ISC slot i
was the possible complications caused by extending these two busses (ECDB and o
EDB) five feet to the OSCBH. ?fter weighing all the advantages and '
disadvantages, the ISC was selected to provide the means of interfacing the
OSCBH to the AN/UYS-1.

With the interface requirements defined by the AN/UYS~1l, a specific set of
P OSCBH design requirements was developed for implementation. The detailed
requirements will be enumerated below covering both the software (external
register addresses for parameters) and hardware requirements.
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DIGITAL~TO~ANALOG CONVERTERS

The Digital-to-Analog converter section has a total of 24 separate
channels. The digital information to be converted is contained in Bulk Store
(BS) memory of the AN/UYS-l. It consists of one contiguous block of Bulk Store
memory. This area of memory is then broken up into smaller blocks in which each
block represents a D/A channel (Figure 2). Each Bulk Store location is made up
of one 64-bit double word. This 64-bit word is then subdivided into either four
16-bit samples or eight 8-bit samples depending on the mode requested by the
uger.

A programmable Real Time Clock (RTC) is included to provide a user defined
sampling frequency for the D/A converters. The basic clock frequency was
selected to be 2 to 2lst power times 3 Hz (6.291456 MHz) with an accuracy of +
+005% and crystal controlled. This basic frequency is to be divided by a 16-bit
interval parameter to generate a RTC pulse rate of 6291456 pulses per second
(interval parameter equals 1) to approximately 96 pulses per second (interval
parameters equals 65535). The l6-bit interval value is converted into the
divisor by the following relationship:

X = Ng (256N; + 16 Np + N3)

where X is the final divisor, Ng is bits 0 - 3, Ny is bits 4 - 7, N3 is

bits 8 - 11 and N3 is bits 12 - 15. The fundamental sampling frequency chosen
for simulation is 6144 samples per second which corresponds to a RTC interval
value of either 4100y or 1400y.

Each D/A converter is double buffered so that any delay in accessing Bulk
Store will not cause a loss of data (data dropouts). The updating circuitry is
designed to allow the maximum number of channels (24) to be updated within .5
micro-seconds in order to provide a simultaneous update on all channels relative
to the simulated waveform frequency. The accuracy of the waveform requires a
12-bit monotonic digital-to-analog converter with a dynamic range of + 5 volts.

A set of programmable parameters is defined to allow the AN/UYS~1 software
to configure the OSCBH digital-to-analog converter section to a particular Bulk
Store memory configuration. These parameters are the Bulk Store Initial Address
(defining the beginning address of the D/A block), number of D/A channels active
in the OSCBH, length of a D/A channel block in Bulk Store and the Real Time
Clock Interval. The four parameters are transferred to the OSCBH over the
16-bit External Data Bus.

An important requirement for any waveform simulation is to provide
continuous waveforms without any breaks. A first step is to provide either a
means of automatically recycling the D/A section or issuing an interrupt to the
AN/UYS~1 and having the software restart the D/A's. In any case, an interrupt
notifying the AN/UYS-1 that the BS buffer has been exhausted and new data should
be loaded was found to be a necessary requirement. The time necessary to field
the interrupt, reload the D/A Bulk Store block and transfer the parameters over
the EDB bus was determined to require too much processor time. A compromise
technique was used in which an interrupt is issued to the AN/UYS-1 to update
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bulk store memory while the OSCBH automatically reloads its parameters and
starts a new cycle. To further preclude data dropouts the D/A section of the
OSCBH was assigned a higher priority than Random Number Generator. This will be
expanded in a later section.

In addition to the D/A converter, a low-pass filter is also required to
correct for the sin x/x attenuation of the Digital-to-Analog Converter from dc
to 2.5 KHz. The filter and other specifications for the filter are found in
Appendix A. Due to the space limitations in the OSCBH enclosure, the sin x/x
filters were designed into the OSC Applications Hardware enclosure.

RANDOM NUMBER GENERATOR

The Random Number Generator (RNG) section of the OSCBH is required to
provide the following characteristics:

a. Generate a 32-bit uniformly distributed random number every 400
nanoseconds.

b. Generate 2 16-bit Gaussian distributed random numbers every 400
nanoseconds.

¢. Generate 4 8-bit Gaussian distributed random numbers every 400
nanoseconds.

(The 400 nanoseconds constraint is imposed by the AN/UYS-1 ECDB requirement for
transferring a 32-bit word.)

Three parameters are required to be transferred to and from the OSCBH. As
with the D/A section, the initial Bulk Store address and block size are required
to be loaded into the OSCBH. The third parameter is the Random Number Generator
39-bit seed which can be either loaded into the OSCBH or read by the AN/UYS-1.
This feature allows the simulation software to generate and store a continuous
set of random numbers.

The RNG section of the OSCBH will not generate an interrupt to the AN/UYS-1
when it has finished generating the requested amount of random numbers.
Instead, a bit in the status word will be used to signify if the RNG is busy.

Finally, because the D/A section requires top priority, the random number
generator must have a provision to be interrupted by the D/A section or hold off
activation until the D/A section relinquishes control of the OSCBH.

ACTIVE PING RECOGNITION

This feature was added to provide the means of simulating a DICASS buoy.
Ping trigger inputs to the OSCBH are provided which generate an interrupt when
any of the four ping trigger inputs are toggled. The RF channel of the trigger
input is stored into the status word of the OSCBH and then the status word is
read by the AN/UYS-1 in response to the interrupt. ' |
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STATUS AND CONTROL

In addition to the parameters given in the D/A and RNG, two additional
registers are required: a status register and a mode :egister. As with the
other parameters and/or registers previously discussed, these registers must be
accessible over the EDB. The OSC status register provides the status of the
OSCBH. The information provided by the register is the source of the interrupt
(D/A or Ping trigger), RNG status (busy or not busy), and any errors encountered
in transferring data over the ECDB (illegal Bulk Store Address, Double ECC error
or ECDB parity error). The mode register is used in two ways: activation of an
OSCBH subsection (i.e., D/A and/or RNG) and operating mode of each subsection
(i.e., 8-or l6-bit D/A samples).
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CHAPTER 2

MODULE DESCRIPTION

The Output Signal Conditioner - Basic Hardware (OSCBH) configuratiom is
presented in Figure 3.

The circuitry has been divided into six basic modules,
External Data Bus/Real Time Clock
Bulk Store Address Generation

Random Number Generator

d. Digital-to—Analog Converters
e. Basic Hardware Control

A. EXTERNAL DATA BUS/REAL TIME CLOCK (EDB/RTC). This module interfaces to
the EDB of the AN/UYS~l and is responsible for generating all timing sequences
for that bus. The EDB bus operation can be found in Ref. l, and is reproduced
in this report as Figure 4. OSC External Register Addressing decode and strobe
circuitry is loucated in this section. A word counter is also implemented in

: conjunction with the decoding circuitry for generating consecutive word count

i pulses for transferring the parameters shown in Table 1. Parity generation and
checking for the EDB bus is also located in this module. The programmable Real
Time Clock is located in this module and is used to provide the sampling pulses
for the D/A module (to be described later). The real time clock interval is
software programmable by the AN/UYS~1l, refer to Table 1.

B. BULK STORE ADDRESS GENERATION. This module contains the bulk store
address generation logic for the D/A and RNG modes of the OSCBH. Figure 5 shows
the subdivisions of the modules. Figure 5 is broken down into the two Augat
circuit cards, BSAGl and BSAG2. Also included in this programare the buffers
and registers corresponding to the A/D hardware which was not required in this
system configuration. All the parameters transferred to the OSCBH to the Bulk
Store Address Generator are double buffered to prevent data dropouts. The
address generation is performed in two ways, depending on the mode of operation
the OSCBH is selected.

118M, "Proteus Analyzer Unit Final Maintenance Manual,” IBM 76-539~001,
PS‘ 3-368 .
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READ TIMING (AT EXTERNAL- REGISTER)
RV e e
ADDR b90——H

- P10 (MIN)
SEL 100

H DATA e PN

ACK

| I
- 20 QuN)

*For minimum CP cycle, X%150ns (Note: Time from Tristate driver
gate signal to output onto EDB is BOns; thus, gate signal must
follow select by 70ns for minimum CP cycle).

*%For X < 150ns, Y = 350ns (Y increases in 100ns increments; e.g.,
150ns ¢ X = 250ns, Y = 450ns). -

WRITE TIMING (AT EXTERNAL REGISTER

R/W—k 250 r two successive

' write sequences

may occur . - ‘ :
‘Annn_l . |
DATA  je-100 j: 110 ;l |
SEL e— 100——

: § Deskewing of SEL and DATA must be performed by external register or
b, trailing edge of SEL used as strobe.

FIGURE4 EXTERNAL BUS TIMING
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In the D/A mode, addresses are generated by first loading the initial
address into the BS ADR REG which points to the first D/A channel in Bulk
Store. After this double word is received, the contents of the BS ADR REG is
added to the contents of the D/A Buffer Length Buffer to address the same
element in 2nd D/A buffer in Bulk Store. This procedure is then repeated until
the buffer counter (number of D/A channels) has counted down to zero. At this
point the D/A WD CTR (Word Counter) is decremented by one indicating that all
the channels have been updated. When the D/A WD CTR (D/A Word Counter which
keeps track of the data words read from any one D/A buffer) decrements to zero,
the D/A BUFF LENGTH BUFF and the D/A 5UFF CNT BUFF are loaded from their
respective registers to begin the count again. Also the initial address is
loaded into the D/A ADR CTR from the D/A INIT ADR REG allowing the D/A sequence
to begin at the initial location in the new D/A Bulk Store buffer.

The addressing sequence for the RNG mode utilizes only the RNG WD CTR and
the RNG buffer length is loaded from the RNG BUFF LNG BUFF into the RNG WD CTR.

. The operation of the RNG only requires incrementing the address counter through

a contiguous area in memory until the RNG WD CTR counts down zero. At the end
of the block, the RNG address logic shuts down until a new request is made with
a new set of address parameters. This operation is only performed on demand.

C. RANDOM NUMBER GENERATOR. The Random Number Generator (RNG) was
incorporated into the OSCBH as a completely separate unit with the RNG operated
via the control logic of the OSCBH. Figure 6 shows the architecture of the RNG
(the implementation design will be discussed in a later section). Because this
module only incorporates the random number generator, no addressing or counting
capabilities are included (this function is performed in the previous section).
To generate random numbers, the RNG module has a programmable 39-bit register
(Main Reg in Figure 6) from which a block of random numbers are to be
generated. After a block of random numbers have been generated, the final value
in the Main Register can then be read over the EDB by the AN/UYS-1. By
reloading the RNG with this value a new block of data can be generated which
would be continuous with the previous block. To transfer random numbers to
AN/UYS-1, two parallel registers are used (Figure 6). The SEC REG (Secondary
Register, Figure 6) is used to build a 32-bit output word from the random number
generator. After a 32-bit word is comstructed, it is loaded into the OUTPUT
REGISTER for transferring to Bulk Store. In this manner, the RNG is operated in
a pipeline sequence to meet the speed requirement. Control for loading and
reading the Main Register contents is done by the AN/UYS-l programmer via the
EDB/RTC interface board. The OUTPUT REGISTER strobe for putting data onto the
ECDB is generated on the OSCBH Control Board.

D. DIGITAL-TO-ANALOG CONVERTER. Figure 7 is a block diagram of the D/A
subunit. Each 32-bit Bulk Store word is first latched into the ECDB latch and
then gets stored intc the D/A Memory. Depending on which half of the 64-bit
double word was received, the 32-bit word is stored into either the lower half
of memory (address space 0 - 31) or the upper half of the memory (address space
32 - 63). Therefore memory address bits 0 - 4 correspond to the channel number
and bit 5 represents the upper or lower 32-bit word, i.e., channel 0 is equal to
address 0 and address 32. After the memory is loaded with the required amount
of data for updating the number of D/A channels, the D/A memory is cycled such
that the samples are trangferred to the Data Latches on the D/A boards. The
latches are updated every Real Time Clock pulse.
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E. BASIC HARDWARE CONTROL. This section is required to generate the ECDB
timing and control sequences necessary to transfer data to ant from Bulk Store.
The timing diagrams are shownl and reproduced in this report as Figure 8.
Another function performed by this section is the generation of a series of
initialization pulses to load the separate counters in the Bulk Store Address
Generation logic at power up. The 0SC BH status and mode registers are also
located in this module. (Tables 2 and 3 show the bit assignments for these
registers.) The remainder of the logic is concerned with the sequencing and
control of the D/A and RNG subunits with the D/A section receiving a higher
priority than the RNG.

‘Tbid sy PR. 11.
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TABLE 1 EXTERNAL REGISTER ASSIGNMENTS
EXTERNAL REG/WORN D/A High Order Initial Address EDB OPERATION BITS USED
78/0 D/A High Order Initial Address WRITE 8-15
78/1 D/A Low Order Initial Address WRITE 0-15
78/2 Number of D/A Buffers WRITE 8-15 :
78/3 D/A Buffer Length per channel WRITE 0-15 ;
79/0 A/D High Order Initial Address WRITE 8-15
79/1 A/D Low Order Initial Adress WRITE 0-15
79/2 Number of A/D Buffers WRITE 8-15
79/3 A/D Buffer Length per channel WRITE 0-15
7A/0 RNG High Order Initial State READ/WRITE 0-15
7A/1 RNG Mid Order Initial State READ/WRITE 0-15
7A/2 RNG Low Order Initial State READ/WRITE 0-~6 1
7A/3 RNG High Order Initial Address WRITE 8~15
TA/4 RNG Low Order Initial Address WRITE 0~15
7A/5 RNG Buffer Length WRITE 0-15
7B DASS 0SC STATUS READ 0-15
7¢/0 0SC MODE REGISTER WRITE 0-15
7C/1 OSC RTC INTERVAL WRITE 0-15
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TABLE 2 OSC STATUS REGISTER '

01 2 3 4 56 6 7 8 9 10 11 12 13 14 15
X1XiXlojoXIX|X]|X|X]|X|1]1]o0]o

ISC2 TRAP
bee——isC1 TRAP

‘ ISCC TRAP
L ———————5C END OF BUFFER
REC'D PING TRIGGER D
REC'D PING TRIGGER C
REC'D PING TRIGGER B 1
REC’'D PING TRIGGER A i
DOUBLE ECC ERROR
ILLEGAL BULK STORE ADDRESS |
fsc SUBCHANNEL
| [} {
ECDB PARITY ERROR .
E RNG DONE (0 = BUSY, 1 = DONE OR NOT BUSY)
{ _ A/D DONE {1 = DONE)
D/A DONE (1 = DONE)

"TABLE 3 0OSC MODE REGISTER

BITS 0 1 2 3 4 5 6 7:8 9 1011 12 13 14 15

NOT USED

— RNG MODE — 32 BIT UNIFORM
e RNG MODE — 16 BIT GAUSSIAN

e RNG MODE — 8 BIT GAUSSIAN

e RNG ACT .

3 A/D ACT

D/A 8/16 (0 — 18 BIT, 1 — 8 BIT)

D/A ACTIVE

e b Ads
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1SC ACK
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READ SELECT 120N
READ SELECT 2
ECDB (DATA YO 1SC)
ILLEGAL 88 ADDR
DOUBLE ECC ERROR

BULK STORE WRITE

8S REQ

B8SM ADDR

1SC ACK

RW

BS ADDR

WRITE SELECT 1
WRITE SELECT 2

ECDB (DATA FROM ISC) —I -
ILLEGAL BS ADDR
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CHAPTER 3

THEORY OF OPERATION

D/A OPERATION

The operation of the D/A section of the OSCBH is shown in the flowchart in
Figure 9. This flowchart gives a functional sequence of the operation of the
D/A converter. A detailed analysis will expand on this flowchart.

The initial process involves "setting up" the required parameters for the
D/A control section. Table 1 shows the word assignments for the D/A parameters
utilizing external register address 78. The circuitry that decodes the address
and sends out the appropriate load pulse is on the EDB/RTC board. Figure A-12
shows the decoding circuitry and word counter, where C26* contains the write
decoder and A33 and E33 the word counter logic. (The read and write operations
are performed on the EDB bus in accordance with timing diagram, Figure 4.) This
word counter is used to keep track of successive reads or writes to an external
OSCBH register. The actual load signals are generated on Figure A~13 by NORing a
count signal with the LDXR78 signal. The resultant signals are LDXR78/0 (first
word, where the /0 signifies which word), LDXR78/1, LDXR78/2, and LDXR78/3.
These signals are used to load the following registers respectively, D/A
High-Order Initial Address (C41 on BSAG 1 board, Figure &7), D/A Channel Counter
(L42 and N42 on the BSAG2 board, Figure A-9) and D/A Buffer Length Register (G4l
and E41 on BSAG2 board, Figure A9).

The next step in the sequence is loading the mode register. The address is
decoded via the same circuitry on the EDB/RTC board by J1-C (Figure A-13),
strobing the data into the mode register located on the BSAGC board (at location
Rl FigureA-~6). '

After the parameters and mode are stored, the RTC interval is loaded which
also initiates the Real Time Clock. The RTC interval register load pulse is
generated on the EDB/RTC board by J9-F (FigureA-13) and is labeled LDXR7C/1.
This signal loads the interval register on the EDB/RTC board, locations Ll and
L12 (Figure A-14), programming the four MC 4018 counters to generate the required
RTIC pulse period.

With the counters programmed, the first RTC pulse is used to initally
transfer the D/A parameters from the storage registers to the active parts of
the hardware, i.e., counters, address drivers, etc. This initialization

*C26 signifies the column (C) and location of pin 1 of the integrated circuit
(IC 26) on an AugatR circuit board. Also, if a letter follows, i.e., C26-A,
this means the A section of an IC if it has more than 1 gate present per package.
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circuitry is found on the BSAGC board (FigureA-l). The upper string of
flip-flops (R36 and R28) and the serial to parallel register (V33) make up the
initialization circuitry. When a RTC pulse arrives, it is first synchronized to
the AN/UYS-1 T clocks generating a RTC SYNC, which sets the INIT 2 flip-flop
(R28A, FigureA-1) causing the serial to parallel register to generate signals
IPl through IP5. In conjunction with the D/A operation, IPl loads the D/A
Address Counter on BSAGl (Figure A-7) and the D/A Buffer Counter (channel
counter) on BSAG2 (Figure A-9) and IP2 loads the D/A word counter on the BSAG2
card (Figure A-10). The last signal, IPS5 is used to initiate the D/A control
cycle on the BSAGC (Figure &2) at C33-13, generating a GO signal. This sets the
D/A ACT NOW flip-flop (C9-A on Figure A-4) (the D/A CYC flip-flop [A9-B, Figure
A-4] was set high by the first RIC pulse). The IP5 signal triggers a START pulse
on DWG A5 that sets the 0SC ACT flip-flop (L17 DWG AS5) and begins the data
transfer operations for the D/A's.

With the TC Generator accivated (OSC ACT flip-flop set), the rest of the
circuitry will realize the ECDB timing diagram of Figure 8. The BS REQ and BSM
ADR OUT (signal that enables the BSM Address drivers) signals are generated by
the START pulse. The two signals, BS REQ and BSM ADR OUT are sent out at TO.
Because of the priority defined by the AN/UYS~l hardware, the OSCBH (the OSCBH
takes the place of an ISC unit) receives the highest priority in accessing Bulk
Store over the ECDB bus, guaranteeing a maximum of three Bulk Store requests
required for each initial access. To signify a successful access, ISC ACK is
sent by the AN/UYS-1l. This terminates the OSC Bulk Store requests and allows
the TC generator to continue with successive time cycles, TCl, TC2, TC3, TC4,
and TC5. During TCl, the ECDB R/W signal is sent to the AN/UYS-1 by driver
C43-B on FigureA-2 along with the BS ADR OUT (to enable the Bulk Store Address
drivers) generated by A44-D on Figure A-2. After a delay of two time cycles (800
nsecs) in which nothing is sent or received over the ECDB, a RD SEL 1 signal is
generated by R12-8 flip-flop and sent by the driver J43-A during TC4 (Figure
A-3). The requested data is then strobed into the D/A memory buffer (A9, C9, E9,
and G9 on the D/A CONT card, FigureAl6) by the OSC DATA IN signal generated by
G34 pin 6 on Figure A2. This operation brings in the first 32 bits of data from
Bulk Store. The second 32 bits of dataare strobed in by activating RD SEL 2
(R12-B and J43-B on Figure A-3, BSAGC) during TC5 and using OSC DATA IN to strobe
the data into the buffer on the D/A CONT card. This procedure constitutes the
initial accessing of Bulk Store. If more than 1 channel of D/A data is
requested by the user, the above operation is repeated until a D/A BC = 0 (D/A
buffer count) is generated by L42-pin 13 (D/A Buffer Counter) on BSAG2, Figure
A-9. This signal is then delayed by the circuitry on Figure A-5 (BSAGC) (C25-4,
E44-A, C33-A, and V9-E, F) so that it occurs after the final 64-bit doubleword
of data is received. The D/A Bulk Store address is taken from either the D/A
address counters (A41, J43, L43, N43 and R43 on the BSAGL board, FigureA7) or
the BS Address Adder (Tl, V1, T13, & V13) on the BSAGZ board (FigureaA-8).

Before continuing the Bulk Store Addressing circuitry description, a description
of the D/A addressing and storage requirements will be reviewed.

The data for the D/A's are stored in Bulk Store as successive blocks of data
with channel O starting at the first address, see Figure 2 and the rest of the
channel blocks following. Referring to Figure 2, the OSCBH coordinates the
transfer of a double word of data from the AN/UYS-1l to the D/A memeory. When it
is determined that a new double word is required, the first address is generated
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from the D/A Address Counter. This address would correspond to . base address.
The next double word (corresponding to channel 1) is generated by adding the D/A
buffer length to the value in the BS ADR REG (R5 and N5 on BSAGl, Figure A-11).
After the first channel's data has been sent, the second and successive address
generation is handled by the BS ADR ADDER (BSAG2 board, Figure A-8), BS ADR MPX
(BSAG1 board, Figure A-11) and the BS ADR REG (BSAGl board, Figure A-11), with
each successive address resulting from the addition of the buffer length to the
previous address. The BS ADR MPX (Tl19, T43, V19, V43, T7, T3l, V7 and V31l) is
selected by HO MPX and LO MPX (both signals generated by Gl on BSAGC board,
Figure A-4) to access the adder results after the initial access was made. This
procedure is repeated until the buffer counter has decremented to zero.

The data transfer of the ECDB to the D/A Memory is accomplished on the D/A
CONT board. Figure A-15 contains the ECDB INPUT BUFFERS (A9, C9, E9, and G9) and
the D/A Data Memories (A20, D20, G20 and K20). Two strobe pulses are required
per Bulk Store address in order to clock in a 64~bit double word off the 32-bit
ECDB bus. Each strobe pulse has the dual role of strobing data first into the
ECDB INPUT BUFFER and then into the D/A DATA MEMORY. The addressing of the D/A
MEMORY is accomplished by the D/A OUTPUT COUNTER (A35 and C35 on Figure A-16) and
DMA2 (Data Memory Address 2, Figure A-19) which are both generated on the D/A
Control Board. The D/A Output Counter generates DMA (D/A Memory Address) bits
3~7, which defines the buffer count (corresponding to the D/A channel number)
and DMA 2 (bit 2) which is used to identify either the first or second of a
double word.

After the data has been loaded into the D/A DATA MEMORY, memory is read by
the D/A's as either 8 or 16 bit bytes of data. This is accomplished by the DATA
MULTIPLEXORS on the D/A Cont Card (N1, N10, Rl, R10, Tl, T1O0, V1, and V10,
Figure A-16). The byte of data is selected by HO and LO DATA SEL which transfers
a 16-bit word to the D/A boards. The correct 32-bit word is addressed by DMA-2
which is generated on Figure A-19 (G43 and J44). These signals then address a
common byte in the D/A memory during each RTC period. The memory is then
incremented via the DMA counter (A35 and C35 on Figure A-16) from D/A data words
0 through 31, with a corresponding load pulse being generated on Figure A-17 for
strobing the data into the D/A buffers on the D/A cards. As the D/A memory is
being cycled, the appropriate load pulse loads the data into a D/A buffer
register to be converted by a D/A Converter. After all the data has been
stored, D/A BC = 0 pulse is generated by L42 on the BSAG2, Figure A~9 and
decrements the D/A WORD COUNTER (Gl, Gll1, G21, G31 on BSAG2 board, Figure A-10).
I1f the D/A WORD COUNTER does not go to zero, the D/A will repeat the data
acquisition sequence (as shown in Figure 9, D/A flowchart). When the counter
does count down to zero, a D/A WC = O pulse is issued by the D/A Word Counter on
the BSAG2 board generating an interrupt for the AN/UYS-1 software and
auytomatically reinitializing the D/A counters. The interrupt is sent to the
AN/UYS-1 by G10 and R44 on the BSAGC card (A4). D/A WC = 0 gets bit 0 in the
status word (flip flop N9-A on BSAGC, FigureA-6) indicating D/A done. The
counters and buffers that get reloaded by this signal are the D/A BS ADR CTR
(BSAGl, FigureA-7), D/A BUFFER LENGTH BUFFER (L1 and L13 on BSAG2, FigureA~9)
and the D/A WORD COUNTER (Gl, Gll, G21, and G31 on BSAG2, Figure A-10).

*The D/A Buffer Counter is decremented at the very beginning of a D/A data cycle
(TO of TCO).
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The D/A control then repeats the complete sequence using the new parameters
to generate new D/A signals.

RNG SYSTEM DESCRIPTION.

The Random Number Generator (RNG) designed for the OSCBH is based on a
previous design done at NSWC/WOL. This random number generator is based on a 39~
bit shift register. Bits 38 and 34 of the shift register are Exclusive-ored and
shifted into the MSB (bit 0) until a 16-bit uniformly distributed random number
is generated. The Gaussian distributed numbers are then formed by adding bits
0-3 to bits 4-7 and bits 8-11 to bits 12-15 with bits 26 and 27 used as the
carry in's into the adders respectively. These five bit sums are added together
and bit 28 is used as the carry in. This six bit sum is used as the high order
six bits of the Gaussian random number and bits 16-25 are used as the lower ten
bits. This technique was found to provide an excellent means of generating
random numbers and was selected for this application.

The OSCBH implementation of this design regquired a drastic increase in
operating speed. To obtain the speed, the serially operated shift register
needed to be modified. Figure 6 shows the architecture designed to implement
the high speed random number generator. The shifting operation was performed by
using a bank of Exclusive-or gates feeding back the transformed uniform 32-bit
random number back to the main register. Thirty-six bits of the main register
are exclusive-ored to give a 32-bit uniformly distributed number per clock
pulse. The desired random number (which gets stored into the secondary register
(SEC REG) is then formulated via the output multiplexor (OUTPUT MUX) to be
either a 32-bit uniform, a 16-bit Gaussian distributed random number. From
Figure 6 the summing logic described above for the previous design was
implemented in a similar manner in this design.

Returning to Figure 6, the first step of the RNG operation entails loading
the Main Register via the Input Multiplexor. This is performed by strobe pulses
LDXR7A/0, LDXR7A/1, LDXR7A/2. Upon receipt of LDXR7A/3 (Table 1), the EDB bus
is locked out and the serial register loop is implemented. The RNG sequence is
initiated when the RNG is activiated by the BSAGC. The next operation is
dependent on the RNG mode selected, a 32-bit uniformly distributed Random
number, a 16-or 8-bit random number with a Gaussian distribution.

The 32-bit uniform mode only requires one 32-bit "shift" operation to be
performed per 32-bit output word. After a shift operation the data in the Main
Register is clocked into the Secondary Register during T1' (TX' defines a pulse
that delayed 60 nsecs from the AN/UYS-1 TX signal and 40 nsecs wide and X is O,
1, 2, or 3). This is the first half of the 64-bit word. At T2 the random
number generator sequence is started for the second 32-bit word. To provide a
place for the new word to go, the output register is loaded with the first 32~
bit random number at T3. At the next T1', the second 32-bit word is loaded into
the secondary register. The random number generator then waits for an ISC ACK
to occur before a new 64~bit (two 32-bit words) double word sequence is
initiated. After an ISC ACK is received from the AN/UYS~1, the second half of
the word is loaded at T3 in order to be transmitted during the second half of
the write cycle. In this way the Random Number Generator produces two 32-bit
words at a time. See Figure 10 for timing details.
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The 16-bit Gaussian mode requires two 32-bit "shift" operations per 32-bit
word or four 32-bit shift operations per 64-bit double word. The sequence is
initiated in a similar manner as above except that the adder is used to generate
Gaussian data. After each shift a 16-bit word is loaded in the secondary
register during T3 and Tl' (see Figure 11). Then at T2 the sequence for the
second 32-bit word (second half of 64-bit double word) is begun allowing the
output register to be loaded at T3. At T3' the first half of the second word is
loaded into the secondary register. After the secondary register is loaded, a
new 64-bit sequence will not begin until an ISC ACK is received from the
AN/UYS-1 in a similar manner as the previous operation.

The 8-bit gaussian mode requires four "shift" operations per 32-bit single
word or 8 "shift" operations per 64-bit double word. The sequence is initially
shifted a T2' with the first 8-bit byte clocked into Secondary Register at T3',
The next shift is at T3' and loaded into the Secondary Register and so on until
the secondary buffer is full. At T3', (after the 8-bit word is loaded), the
second half of the 64-bit double word sequence is begun. At T3 the output
buffer is loaded from the secondary register. When T3' arrives (60 nsec after
output buffer is loaded), the first 8-bit byte is clocked into the Secondary
Register. When the Secondary Register is full and an ISC Acknowledge has been
received from the AN/UYS-1 a new 64-bit double word generation sequence will
begin (Figure 12).

All of these modes of operation require 450 nsec to generate the initial
32-bit Random Number from receipt of a Random Number Generator active command
from the AN/UYS-1. This condition is accounted for by the operation of the
control logic on the BSAGC board for generating the initial RNG block address.

An EDB Read Operation is implemented to allow the AN/UYS-1 to load the last
39-bit word used by the Random Number Generator into memory via the EDB bus.
This operation can only occur when the Random Number Generator is off.

A method is utilized by the RNG to generate continuous blocks of random
numbers. Whenever the RNG has been loaded via the EDB, the first operation is a
shift operation. The output byte is generated from this initial shift,
Continuing this process until the last word is generated, the main register
contains a 39-bit word that has already been operated on. This is the 39-bit
word read by the AN/UYS-1l. Therefore, the AN/UYS-1 memory contains the last
word used by the RNG. When the RNG is reloaded with this last word, the
sequence will begin by first shifting the 39-bit word and then generating the
random number. In this way, the random number generator will provide a
continuous stream of data with no breaks between blocks.

RNG CONTROL LOGIC DESCRIPTION (RNG2)

All the descriptions that follow will require reference to the timing
diagrams for the three RNG modes.

Figure A-25 contains the logic for using the main register. The four cycle
flip flops are used to load the main register during the generation mode. The
RNG is intially started when RNG ON is received from the BSAGC. This sets the
init flip flop and transmits an init pulse at T2' (definition of this pulse is
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on Figure =26, Then, when the RNG is active, it "shifts'" the main register by
reloading it from the bank of Exclusive-or gates. Continuing the cycle sequence
to cycles 2, 3, and 4 depends on the mode selected. The LD, HO, LD MO, and LD
LO signals provide strobes for the segmented main register.

Figure A-26 has the pulse generators for TO', Tl', T2', and T3', and control
flip flops. The T clocks are generated 60 nsec after the AN/UYS-1 T clocks with
a 40 nsec duration. These clocks are used in conjunction with the AN/UYS-1
clocks to provide sequential operation of first loading the main register and
then the secondary register. Therefore, whenever a T' clock is discussed it
stands for a pulse generated 60 nsec after the designated T clock and 40 nsecs
wide. The three flip-flops have various operations. The RNG GO flip flops,
synchronizes RNG ACT NOW (generated by LDXR7C/0 with RNG set) to T2. This is
used to synchronize the operation of the RNG to the address generation logic on
BSAGC. After this signal goes high, 600 nsecs of time is available to generate
the first 32-bit random number. The EDB OUT signal is used to signal the output
drivers that the RNG is off and the 39-bit data word can be sent out over the
EDB to the AN/UYS-1. The LD/GEN FF indicates the span of time from LDXR7A/0 to
LDXR7A/2 for loading the main Reg. The RNG ON FF is used to turn the RNG
control logic ON. This flip-flop gets reset when the word counter is zero.

Figure A-27details the output buffer and the secondary register load logic.
The output register load logic in the left hand corner produces two signals, SEQ
INIT and LD OUT BUFF. The SEQ INIT signal is generated during T2' (whenever LD
4 occurs within the window of T2) and is used to initiate another Random Number
sequence. At T3, LD OUT BUFF is generated to transfer the data from secondary
register into the output register.

The ISC ACK flip flop is used to signify that the first 32-bit word has been
successfully written to the ASP and the second 32 bit can be loaded into the
output register for transfer. The secondary register load controller is used to
load the secondary register in the correct sequence (depending on the mode)
whenever the MUX ENABLE signal is low. The SEC TIME FF is set by sampling the
CYCLE 1 FF at T3 to determine if there is an active cycle. Figure A-~28 is the
schematic of the secondary and output registers used. As can be seen, the
secondary register is divided into four, 8-bit bytes to be loaded individual or
at once (depending on the mode). The WC CHECK FF is used to indicate a
continuation situation in the RNG and therefore transfer whatever is in the
output register for the first word.

The timing diagrams for 8-bit Gaussian, 16-bit Gaussian and 32-bit uniform
random number modes are shown in Figures 10, 11, and 12.

RNG - AN/UYS-1 INTERFACE

This section describes the operation of the RNG (Random Number Generator)
and the OSCBH interface control circuitry, On the Output Signal Conditioner
Block Diagram (Figure 3), the RNG encompasses two cards in the rack. The
RNG-AN/UYS-1 interface logic is used to interface the RNG with the AN/UYS-1l. To
help visualize the system operation, a flowchart of the sequence for generating
a random number is shown in Figure 13. The following description describes the
RNG-AN/UYS-1 interface logic.
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The initial step in the sequence is loading the RNG parameters (given in
Table 1) into the OSCBH. The first three words transferred comprise the initial
state of the RNG and are loaded into the MAIN REGISTER. The next two words make
! up the initial BS address and are stored on BSAG2 card (A9, V31, and V4l). As
: with the D/A section, the load pulses for these latches are generated on the
EDB/RTC card. This procedure entails decoding the address on the EAB (External
Address Bus) and keeping track of the successive accesses. The decoding of the
address is performed by C26 on FigureA-1l2 and the word count is generated by A33
FigureA-12. The final load signals are generated by NORing LDXR7A (C26 signal)
with WC = 0 through WC = 7 (generated by A33 and E33). The NOR gates are
located on the EDB/RTC card (Figure A-12,IC's J9 and J1) and are labeled
LDXR7A/Y where Y denotes the word counter value.

The first signal generated, LDXR7A/0, sets a flip flop on RNG Control Card
(A26, E10) called LD/GEN. This signal is used to load the main register with
the initial state (from the EDB bus). LD/GEN generates LDHO on RNG2 (A25) which
loads the High Order 16 bits of the state into the High Order Section of the
Main Register(V19, V20, V21). LDXR7A/1 generates LDMO on RNG2 (A25) and loads
the middle 16 bits of the state into the second part of the Main Register (V15,
V16, V17 on A20). Finally LDXR7A/2 generates LDLO on RNG2 (A25) and loads the
{ final 7 bits of the state. The next two load pulses, LDXR7A/3 and LDXR7A/4 load
" the RNG Initial Address and gets stored on BSAGl (FigureA-7 IC's Cl7, El17, and
Gl17). This address is transferred to the RNG BS Address counter (FigureA-8 and
Al7, J19, L19, N19, R19) on the falling edge of LDXR7A/4. The final parameter,
buffer length, is stored into V31 and V41 (Figure A-9, BSAG2). {

SRR

After the parameters have been loaded, the mode register (XR7C) is loaded
with the type of random numbers desired (32-bit uniform, 16-bit Gaussian or 8-
bit Gaussian) and RNG ACTIVE bit set. The RNG Active signal is set at the RNG
ACT flip flop, El-A (RNG ACT) on Figure A-4, BSAGC, to a 1 (and RNG ACT to 0),
signifying that the RNG is busy. RNG ACT is brought out to the user as bit 2 in .
the status word. Upon loading XR7C another pulse is generated, RNGON (A25-8,
Figure A-4). Because of the set up time requirement for the RNG, a time delay is
required to set up the first two RNG words in the pipeline. RNG ON pulse is
used to turn on the TC generator via the START SYNC and START flip flops on
3 Figure A-2 The time delay is obtained when the RNGON flip flop is clocked at
TCl. The delay achieved would then be at the least 600 nanoseconds which is
used to preset E1-6 (RNG ACT NOW flip flop on Figure A-4). The activation of the
RNG ACT NOW flip flop initiates the control sequence for sending data to Bulk
Store.

The first in the control sequence for transferring data to Bulk Store is the
activation of the TC generator (L25 on Figure A-2, BSAGC). This generator
creates the time cycles involved in realizing the interface requirements of ;
Figure 8. The TC generator is started via the RNGON pulse as described above. , i
The initial Bulk Store address is loaded by the First Access flip flop, E33-B,
on Figure A-5 (BSAGC). This flip-flop is set by RNG ACT NOW causing the address
to be loaded 400 nsecs before it is needed which allows the address to be read ]
at the beginning of the next write cycle. The BS REQ signal is generated by N17 ) |
(BS REQ FF, FigureA~2 on BSAGC) and driven to the ASP with C43A on Figure A-2,
The BSM (Bulk Store Module) address driver (address drivers reside on BSAG1,
Figure A-11, Al & Cl) enable pulse is generated by A44-D (BS ADR OUT) on BSAGC,

. . . . L L
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Figure A-2, The ECDB R/W driver is enabled by N33-F (ECDB R/W OUT) on BSAGC,
Figure A-2. The WRT SEL 1 and WRT SEL 2 lines are set and coordinated by T12-A,
T12-B, J43-B on Figure A-3 on BSAGC. Finally, the ECDB data drivers {(located on
RNG2) are enabled with OSC DATA OUT, V17-12 on Figure A-3 (BSAGC). These control
signals described are us<d to send data and control signals to the AN/UYS-1.

The signals sent to the OSCBH are ISC ACK, ILLEGAL BS ADDR, ECDB PTY ERROR
and double ECC ERROR. The first signal, ISC ACK, is used by the OSCBH to
generate CC2 (Clear Control 2, on BSAGC, Figure a~2). CC2 resets the BS CYC REQ
and BS REQ flip flops (N17-A and N17-B on Figure A~2) signifying that a
successful access has been made. Then by resetting and setting the BS CYC REQ
flip, a write cycle would be defined. The reason for the TC generator's
dependence on BS CYC REQ is the possibility of conflicts within the AN/UYS-1l in
which case the first OSC BS REQ may not be recognized. If an ISC ACK is not
received by N17-A (BS CYC REQ flip flop, Figure A-2), TCO is stretched resulting
in retransmission of the BS REQ and BS Address until one is received. Upon
receipt of an ISC ACK the TC generator continues to TCl completing the write
operation.

The actual control operation of the OSCBH during a write operation
encompasses the coordination of the parameter counters. The RNG BS ADR COUNTER
on BSAGl (Figure A-8, J19, L19, N19, and R19) is decremented by DEC RNG WD CTR
(generated at G10-6 on BSAGC Figure &4). The RNG WORD COUNTER on BSAG2 (Figure
A-10, E1, Ell, E21, E3l) is also decremented with DEC RNG WD CTR with RNG WC = 0 !
being generated when the count goes to zero (BSAG2 Figure A~10). This signal
signifies that the block has been completed and the RNG is to be shut down. To
allow the last cycle to complete, RNG WC = 0 is delayed on BSAGC (Figure A5,
E25) to occur 700 nanoseconds into the final WRITE CYCLE. This signal, RNG WC =
0 DEL, shuts down OSC ACT flip flop (L17) and the TC GEN (L25) on BSAGC, Figure
A-2 and also resets RNG ACT NOW flip flop (El) and RNG ACT (E1l) on BSAGC, Figure
A-4. By resetting RNG ACT, bit 2 in the status word (7B external register) is -
set, signifying that the RNG is "NOT BUSY".

T T T 0 ey -

This would complete the tranmission of a block of data to the AN/UYS-1.

RNG-D/A CONFLICT DESCRIPTION

A i e e e bk B et

; The discussion up to now has described the operation of the Output Signal

E Conditioner with only one mode active at any one time (i.e., D/A's active or

; Random Number Generator active), but unfortunately this is not always the case.
? When the system is used in a real time simulation situation, the D/A's will be
running continuously, providing analog signals for external use, and the RNG

f would be used on demand to generate blocks of data for the simulation :
| computation. There are two conditions of conflict: a. The D/A section is '
accessing memory (D/A ACT NOW is high) and the RNG needs to be activated (load

XR7C (mode) with RNG ACT bit set) and b. the RNG is active and the D/A section

has to access memory to get new data from Bulk Store. Due to the requirement !
that the D/A output should be continuous, the D/A section has priority over the , i3
RNG. This entails for case (a) that the RNG would be started aiter the D/aA ’
section has finished and for case (b) that the RNG would be shut down long
enough for the D/A section to finish it's data transfer and then be restarted.
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The control circuitry that coordinates these two cases is located on BSAGC.
For case (a), the condition of the OSCBH before the RNG activation signal is
received is represented by the D/A ACT NOW flip-flop (C9-A on FigureA-4) being
set and ACT CYC is high (A25-6 on Figure A-4) or ACTCYC is low (Al17-4 on Figure i
A-4. When a LDXR7C/0 (load mode register) is received with Bit 3 of the mode
word set (RNG ACTIVE bit), the RNG ACT flip flop (El-A on Figure A~4) is set.
The RNG ACT NOW flip flop (E1-B on Figure A-9 is used to indicate the status of
the RNG request of the RNG request in the OSCBH. From the previous description
of the RNG-AN/UYS-1 control logic without the D/A section being active, RNG ACT
NOW would be set (activating the RNG). To resolve the conflict of case (a), the
RNG ACT status bit would be used to turn on RNG ACT NOW whenever the D/A section
gets done, (E1-B (RNG ACT NOW flip flop on A-4)uses RNG ACT for the D input).
The strobe signal used to signify the end of a D/A access cycle is D/A BC = 0
(D/A buffer count (number of channels) = 0), which ripples through E17-B, J17-C,
and finally G18-8 (Figure A-4) to clock the input of the RNG ACT NOW flip flop.
In this way, the RNG is activated after the D/A has finished its cycle.

For case (b), an orderly shutdown of the RNG is needed before the D/A
section is activated. To realize this condition the generation of an RNG HALT
signal at each RTC pulse was implemented. This pulse would first shut the RNG
down and then ripple through the ACT NOW flip flops (D/A and RNG) to determine
if the D/A needs servicing. In this way, if the D/A's needed servicing, the RNG
HALT is used to set D/A ACT NOW flip flop (C9-A). 1If the D/A's don't require
servicing, the RNG ACT NOW signal would be set 40-60 nsecs after the HALT pulse 1
was issued. Because of the short delay caused by the RNG HALT signal relative
to the logic on the RNG control load, the RNG would continue generating random
numbers as if there was no interruption. To guarantee no RNG dropouts, the RNG
HALT pulse is generated at the end of a 64-bit random number WRITE CYCLE. The
operation of the RNG HALT pulse is used to restart the TC generator and its
associated circuitry by setting G44 (START SYNC and START flip flops) on Figure
A-2(the RNG HALT pulse is transformed into TRANSITION HALT by E44-D on Figure
A-2) thereby starting the OSCBH in a completely new cycle when the D/A converters
need servicing. The timing diagram shown in Figure 14 shows the effect of the
shut down procedure generated by the OSCBH control board on the RNG control
logic.

In this way the two functions of the 0SC conflicts are resolved without
sacrificing a great deal of speed in the RNG.
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CHAPTER 4

CONSTRUCTION AND PACKAGING

The OSCBH was constructed and packaged with standard wire-wrap techniques
and components. This method was taken to ease development time and cost.
Standard AugatR components were chosen for the racks, backpanel, and circuit
cards. To limit cabling problems and complexity, ribbon cable was chosen to
interface the signals between the AN/UYS-1 and the OSCBH.

The two main busses that were extended to the OSCBH were the Error Corrected
Data Bus (ECDB) and the External Data Bus (EDB) from the AN/UYS-1 Input Signal
Conditioner (ISC) main-frame connectors. The length of the ribbon cabling was
chosen to be five feet. Appendix B contains the wire lists of the ribbon cable
connection. The signals were arranged so that at least one ground wire
separated every signal line. The cable was terminated at the AugatR rack
backplane with ribbon cable dip sockets. Upon termination, the ribbon cable
sockets translates the grounds and signals onto opposite lines. This method was
selected because the AugatR backplane was found to provide a handy means of
grounding one row of the socket. If you look at an AugatR backplane, it is
constructed such that you have an empty connector slot between each connector
position. This is done to accomodate the double width AugatR boards (the
AugatR pins require the extra width). To ground the cable socket, a metal
"comb" is inserted into the corresponding empty slot column and then grounded.
In this way, when the socket is inserted onto the backplane, all the grounds
between the signals are grounded. Figure 15 shows the backplane socket layout.

The wiring lists for the backplane circuitry are contained in Appendixes B and
C. The pin assignments for each Augac® card arecontained in Appendix D.

Finally, the connector layouts for the Output Signal Conditioner Basic
Hardware enclosure are shown in Figure 16.
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CHAPTER 5

DIAGNOSTIC SOFTWARE

BASIC HARDWARE DIAGNOSTICS

This set of diagnostics is used to check the Basic Hardware circuitry,
specifically the RNG and D/A subsections. The diagnostic program has four basic
objectives, to test the RNG and D/A sections alone, to test conflicts within the
OSCBH when the RNG and D/A's are both enabled, to test OSCBH interference with
AN/UYS-1 operation and finally to test AN/UYS-1 interference with OSCBH
operation. Figure 17 is a flowchart of the Basic Hardware diagnostics. Figure
18 is a flowchart of RNGTES which is used by the Basic Hardware diagnostics to
exercise and test the Random Number Generator. A detailed description of the
program follows.

From Figure 17, the first two statements transfer a new Program Status Word
(PSW) into the New Machine Check PSW location, 6Ay, allowing any machine check
errors to jump to the interrupt routine in the diagnostic software. The next
operation checked is the EDB transfers. These transfers provide the OSCBH with
parameters and commands and the AN/UYS~l1 program with OSCBH status and RNG
condition. The test entails first enabling the Machine Check interrupt hardware
in the AN/UYS-1 and then performing some transfers to the OSCBH. If there are
any irregularities detected on the EDB, a Machine Check interrupt would be
issued. Three types of EDB errors are detected as a Machine Check:

1. EDB timeout
2. EDB parity error WRITE
3. EDB parity error READ

Upon detection of a Machine Check interrupt, the program jumps to a DIAG 0,0,0
instruction which effectively stops the processor and allows the condition of
the AN/UYS~1 to be accessed using the maintenance panel. The OSCBH operations
performed are setting the OSCBH mode to 0 (Write operation), reading the OSCBH
status and reading the RNG seed. After these operations are performed the
Random Number Generator is tested. For this, the machine Check interrupt is
still enabled but a new Input Signal Conditioner (ISC) New PSW is loaded into
location 7Cy to allow the AN/UYS-1 to field OSCBH interrupts.

The first test checks to see if the correct seed is loaded into the RNG.
This is performed very simply by writing a seed into the RNG and reading it out
again before the RNG is started. A comparison is then made con what was sent to
what was read from the RNG, stopping execution whenever the two do not match.
This test checks the EDB receivers and drivers in OSCBH. The External Address
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Bus (EAB) word counter logic is tested next to determine if the counter is reset
only when a different OSCBH address is issued. The test sequence is to transfer
the High Order Random Number seed, read the AEC STATUS (EXT REGISTER 63) and
transfer the Middle and Low Order seeds and read the 39-~bit seed back from the
RNG for comparison. If an error is detected (seed does not match), the program
stops and allows the operator to inspect the registers via the maintenance
panel. With the EDB/RTC board verified, the RNG is tested in block mode for
each mode in order to see if the data is repeatable. This test is carried out
by the subroutine, RNGTES, Figure 18. RNGTES can be run in either block test
mode or run mode. An option was added to RNGTES to take into account the
operation of the D/A section whenever a block of data is being requested. A
variable RNG MASK is used to signify the D/A state whenever RNGTES is called
allowing the D/A logic to remain in the same mode whenever the RNG is called.

In block testing mode, RNGTES first generates two blocks of data, each 512 full
words long. The first mode selected is 8-bit Gaussian. 1In addition to starting
the RNG, RNGTES also.checks to see if the RNG is turned on and if the RNG
finishes within a reasonable length of time. After the two blocks of data are
stored in Bulk Store, the data is then transferred into Program Store for K
verification. Because the seed was the same for both blocks, the data in one

block is compared directly to data in the second block, testing RNG

repeatability. As a final check, the last seed is read after each block is

generated and compared. This sequence is then repeated for the 16-bit Gaussian

and 32-bit Uniform modes. If the block mode is not selected when RNGTES is

called, RNGTES will generate only one block of 512 Full Word 8-b1t Gaussian {
random numbers (Run Mode).

Referring to the main flowchart of Figure 17, after the RNG seed has been
stored into the RNG and verified, RNGTES is called to exercise the RNG in block
mode. The RNG MASK was set to zero in this case because the D/A's were not
active when RNGTES was called.

The next section checks the operation of the D/A section of the OSCBH. The
method chosen to test this part of the OSCBH requires an oscilloscope to monitor
the D/A converter outputs. The data configuration for the D/A buffers is shown
in Figure 19.

80004 « « « « « + « « .Square Wave
81004 « - « ¢« « « « .+ .Sine Wave
82004 ¢« + + ¢ ¢« +« . . .Random Numbers .
83004 ¢« « « « +« + + « .Square Wave

8"00“- A s e ® o e e -Sine wave

85004 « « « « « . . . .Random Numbers

FIGURE 19 BEGINNING ADDRESS
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e
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The square and sine waves are first generated and stored into Program Store
and are transferred to Bulk Store in the above pattern. When the square and
sine wave patterns have been stored, the RNG is used to fill in the gaps in Bulk
Store (RNGTES is called in RUN mode). After all the data has been loaded into
Bulk Store, the D/A parameters are loaded into the OSCBH. With the D/A section
reading and converting data, the Random Number Generator is tested in the block
mode. This case required the RNG MASK to reflect the fact that the D/A
subsection was active, and should remain active during RNG transfers. In this
way any conflicts between the RNG and D/A sections of the OSCBH are tested.
After these tests are finished, Storage Transfer Controller conflicts are
monitored by performing Bulk Store to Program Store transfers and vice-versa
while the D/A's are active. The data transfer path between Program Store and
Bulk Store is tested by first transferring the square and sine stored in Program
Store to Bulk Store and then reading the data into Program Store from Bulk
Store. With these two blocks of data, a comparison is made on each element.
This transfer and block testing is performed five times.

The final set of tests are with the D/A section of the OSCBH only. This
section activates all 24 D/A channels of the OSCBH and checks the OSCBH
interrupt. A new set of parameters is first loaded into the OSBCH to enable all
the D/A channels. The pending OSCBH interrupts are then cleared in the AN/UYS-1
queue, the PSW System Mask is changed to allow interrupts and a waiting loop is
entered. The waiting loop is programmed to wait for an interrupt until a
maximum of one second has elasped. I1f no interrupt has occurred, the program is
stopped. When an interrupt is received, the D/A initial address is changed from
either 8100 to 8000 or 8000 to 8100. This change in the initial address causes
the waveform to flip-flop during each interrupt received. In this way, an
oscilloscope can monitor any of the D/A channels and determine if the interrupt
is being sent by the OSCBH and received by the AN/UYS-1. The waveforms can be
found in Appendix E. A total of 1800 interrupts are processed by the software,
allowing the operator approximately five minutes to check all 24 D/A channels
with an oscilloscope. When an interrupt is not received, two things indicate a
failure, the waveform on the oscilloscope does not change and the program stops
(indicated on the maintenance panel). This test constitutes the final test
after which the program terminates by shutting down the OSCBH, clearing any
pending interrupts and finally restoring the PSW's to their initial values in
locations 7Cy and 6Ay.

The source program of the disgnostic software is found in Appendix F.
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CHAPTER 6

CONCLUSIONS §

This report described a particular prototype Output Signal Conditioner Basic
Hardware (OSCBH) configuration for a particular Digital Acoustic Sensor
Simulator (DASS) system. The design requirements given at the beginning of this ]
report were met by this OSCBH. Also, this unit was constructed using an earlier !
in~house unit as a model. In the process of transferring the in-house ’
technology to the unit described, a few improvements were made to increase the 1
reliability and performance of the OSCBH. The improvements made were: 1

a. The substitution of more reliable comnectors for transferring the ribbon
cable to the OSCBH backplane.

b. Addition of forced air cooling.

c. The substitution of Digital-to-Analog Converters requiring less power. !

In the implementation of this unit, the method of extending the ECDB and EDB
from the AN/UYS-1 to the OSCBH using five foot lengths of ribbon cable with the
alternating ground arrangement was found to provide an acceptable signal
waveform at both terminations. This was all the more significant because of the
10 megahertz bus operation for the EDCB. The interface debugging only required
adjusting the timing and pulse width of certain control signals to compensate
for the transmission line effects observed.

Performance of the separate modules within the OSCBH was assessed during
construction and debug. The D/A section was easily checked by using an
oscilloscope to determine accuracy and continuity (photographs of the observed
waveforms can be found in Appendix E). To verify the performance of the Random
Number Generator, a simple histogram program was written to put the samples into
bins and then display the results. Three plots from the histogram program are
given in Figures 20, 21,and 22. Figure 20 shows the 32-bit uniform random
number distribution, Figure 21, the 8-bit Gaussian distribution and Figure 22
the 16-bit Gaussian distribution.

The improvements and future effort for the OSCBH will be aimed at three
principle areas. The first area of effort will be directed toward expanding the
number of D/A channels available from 24 to 32. This entails converting the
AugatR D/A boards to a printed circuit board type layout in order to fit more
boards into the AugatR enclosure. The second area will consist of adapting !
the OSCBH to accommodate new functions. One of these functions will include an
Analog to Digital (A/D) unit, which will support 32 input channels. The
schematics included with this report show the control logic implemented in this
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unit for future operation and integration with the A/D circuit boards. The
final area of effort will deal with interfacing the OSCBH to the AN/UYS-1. A
new interface page is being designed and implemented for future AN/UYS-1 STM
units which will be capable of supporting high speed transfers to and from the
AN/UYS-1 and an external unit. The design effort of the OSCBH would then be
directed toward this new interface.
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APPENDIX B

CABLE INTERCONNECTION LISTS BETWEEN THE OUTPUT SIGNAL CONDITIONER
BASIC HARDWARE AND THE AN/UYS-1
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TABLE B-1 OSC CABLE 1 (J6/P6)

P6* BSAGC DIP
CONDUCTOR PIN SIGNAL SLOT17 | CONN
1 a9 G - G MARK WITH BROWN
2 8 ELDB RW 88 8 STRIPE
3 49 G - 9
4 91 BS REQ 89 7
5 50°* G - 10
6 20 ILL BS ADR 90 6
7 46 G - 1
8 25 DBL ECC ERR 91 5
9 a9 G - 12 TIE ALL GNDS TOGETHER WITH
10 70 ECDR PAP EPR 92 4 ELBRI BUS AND TAKE 1
1 - G - 13 WIRE TO GND
12 - SPARE 93 3
13 - G - 14
14 - SPARE 94 2
15 60 G - 15
16 84 ISC ACK 95 1
17 - G - 16
18 44 TCLKOG 53 -
19 65 TCLKO 50 -
20 44 TCLKOG 53 -
21 4 TCLK1G 53 -
22 3 TCLKI 52 -
23 s TCLK1G 53 -
24 24 TCLK26G 55 -
25 45 TCLK2 54 -
26 24 TCLK2G 56 -
27 66 TCLK3G 55 -
28 87 TCLK3 56 -
29 66 TCLK3G 55 -
30 60 G - G
N 18 RD SEL 1 m 8
32 - G - 9
33 - SPARE 112 7
34 60 G - 10
35 39 RO SEL 2 113 6
38 - 6 - 1
37 - SPARE 114 5
38 60 G - 12
39 81 WRT SEL 1 115 4 TiE G"Ds‘\;g?/im“ As
40 - G - 13
41 - SPARE 116 3
42 60 G - 14
43 102 WRT SEL 2 17 2
44 - G - 15
a5 - SPARE 118 1
48 - G - 16
a7 - SPARE - -
48 - SPARE - -
49 - SPARE - -
50 - SPARE - -

*GNDS NOT IN ORDER

**50 GETS SOME GNDS FROM CABLE 2
(WATCH FOR SIMILAR SITUATIONS)
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TABLE B-2 OSC CABLE 2 J6/P6

D/A AD
P6 CONT conNT | RNG3 DIP
CoND. | PIN SIGNAL | SLOT15 | sLOT7 | SLOT3 | CONN
1 50 G - - - 8 MARK WITH
2 7 ECDBO 10 3 3 9 RED STRIPE
3 50 G - - - 7
4 92 ECDB 1 1 4 4 10
5 50 G - - - 6
6 9 ECDB 2 12 5 5 1
7 51 G - - - 5
8 30 ECDB3 13 6 6 12 TIE GNDS TOGETHER
9 51 G - - - 4 AS BEFORE
10 72 ECOB 4 14 7 7 13
1 51 G - - - 3
12 93 ECDBS 15 8 8 14
13 51 G - - - 2
14 10 ECDB 6 16 9 9 15
15 52 G - - - 1
16 31 ECDB 7 17 10 10 16
17 52 G - - - 8
18 73 ECOB 8 19 12 12 9
19 52 G - - - 7
20 94 ECDB 9 20 13 13 10
21 52 G - - - 6
22 11 ECDB 10 21 14 14 1
23 53 G - - - 5
i; :; Ecn;a 1 2 15 15 1: T1E GNDS.
26 74 ECDB 12 23 16 16 13 TOGETHER
27 53 G - - - 3
28 9% ECDB 13 2 17 17 14
29 53 G - - - 2
30 12 ECDB 14 2 18 18 15
3 54 G - - - 1
2 33 ECDB 15 26 19 19 16
33 54 G - - - 8
3 75 ECDB 16 28 21 21 9
35 54 G - - - 7
36 96 ECDB 17 2 22 22 10
a7 54 [ - - - 6
38 13 ECDB 18 30 23 2 1
39 55 G - - - 5
40 34 ECDB 19 K} 24 24 12 TIE ALL GNDS
4 56 G - - - s TOGETHER
a2 76 ECDB 20 32 % 2% 13
43 65 5 - - - 3
) “ 97 ECDB 21 33 26 26 14
45 56 G - - - 2
48 - SPARE ) 27 27 15
@ - G - _ — 1
PP - SPARE 3s 28 28 16
P - SPARE - _ _
! 50 - SPARE - - -

i s e
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TABLE B-3 OSC CABLE 3 (J6/P6)

D/A A/D
P6 CONT CONT RNG 2 DiP
ICONDUCTOR| PIN SIGNAL SLOT 15 SLOT?7 SLOT3 CONN
1 56 G - - -~ 8 MARK WITH
2 14 ECDS8 22 37 30 30 9 ORANGE STRIPE
3 56 G - - - 7
4 35 ECDB 23 38 31 k1) 10
5 56 G - - - 6
6 n ECDSB 24 39 32 32 1
7 56 G - - - 5
8 98 ECDB 25 40 33 33 12 TIE GNDS
9 56 G - - - 4 TOGETHER
10 15 ECDB 26 41 34 k] 13
11 57 G - - - 3
12 36 ECDB 27 42 35 35 14
13 57 G - - - 2
14 78 ECDB 28 43 36 36 15
15 57 G - - - 1
16 9 ECDB 29 44 37 37 16
17 57 G - - - 8
18 16 ECDSB 30 46 39 39 9
19 58 G - -~ - 7
20 37 ECDB 31 47 40 40 10
21 58 G - - - 6
22 79 ECDB P1 48 a1 41 1"
23 58 G - -~ - 5
24 19 ECDB PO 49 42 42 12 TIE GNDS
bl 58 G - - 4 TOGETHER
26 - SPARE - - 13
27 - G - - 3
28 - SPARE - - 14
29 - G - - 2
30 - SPARE - - 15
31 - G - - 1
32 - SPARE - - 16
33-50 - SPARE - -

FOLD BACK AND TAPE
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TABLE B-4 OSC CABLE 4 J6/P6

P6 BSAG1 DiP
COND. PIN SIGNAL SLOT 21 CONN
1 46 G - G MARK WITH
2 67 BS ADR O 88 8 YELLOW STRIPE
3 46 G - 9
4 5 BS ADR 2 89 7
5 47 G - 10
6 68 BSADR 4 90 6
7 47 G - 1
8 6 BS ADR 6 91 5 TIE GNDS
9 48 G - 12 TOGETHER
10 69 BS ADR 8 92 4
1 43 G - 13
12 7 8S ADR 10 93 3
13 58 G - 14
14 100 BSM ADR 0 94 2
15 59 G - 15
16 38 BSM ADR 2 95 1
17 46 G - 8
18 88 8S ADR 1 27 9
19 47 G - 7
20 26 BSADR3 28 10
21 47 G - 6
22 89 BS ADR 5 29 1"
23 48 G - 5
24 27 BSADR 7 30 12 TIE GNDS
25 48 G - 4 TOGETHER
26 90 BS ADR 9 31 13
27 49 G - 3
28 28 BSADR 11 32 14
29 59 G - 2
30 17 BSM ADR 1 33 15
31 59 G - 1
32 80 BSM ADR 3 34 16
33 59 G 36 -
34 101 BSM ADR 4 96 -
35 61 G 36 -
36 40 BSM ADR S 3s -
37 2 G 36 -
3850 - SPARE - -
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TABLE B-6 OSC CABLE 6 — J9/P9

P9 EDB/RTC oIP
' CONDUCTOR PIN SIGNAL SLOT 23 CONN
‘ 1 4y G - G MARK WITH
2 68 EABO 74 8 BLUE STRIPE
3 a8 G - 9
4 6 EAB2 75 7
5 47 G - 10
6 89 EAB 1 76 6
? a8 G - 1" '
8 27 EAB3 77 5 TIE GNDS
9 50 G - 12 TOGETHER
10 29 E8 ACK 78 4 |
1 a7 G - 13 ¢
12 26 EDBP1 79 3
13 50 G - 14
14 8 EDB SEC 80 2
15 a9 G - 15
16 N EDBR/W 81 1
17 a8 G - 8
13 69 EAB4 13 9 !
19 a9 G - 7
20 7 EAB 6 14 10 TIE GNOS
21 a8 G - 6 TOGETHER
22 20 EABS 15 1
23 49 G - 5 .
24 2 EABY 16 12
25 a9 G 63 -
26 70 EAB PAR 65 -
27 50 G 63 -
28 7 E€B PAR ERR 64 -
29 50 G 2 -
30 92 SYSRST. 4 -
3 52 G 2 -
32 5 £DB PO 3 -
33 52 G 2 -
34-50 - SPARE - -

b
;
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TABLE B-7 POWER CABLE INPUT POWER FOR OSC FROM AN/UYS-1

CONNECTOR SIGNAL

A1l +5V RETURN
A2 +5V

A3 +5V RETURN
Ad +5V

AS +15Vv

A6 sV RETURN
A7 sV

ALSO PIN 56 SHORTED TOPIN 6

1
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APPENDIX C

OUTPUT SIGNAL CONDITIONER BASIC HARDWARE BACKPLANE WIRE LISTS
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TABLE C-1 OSCBH BACK PLANE WIRING

(10 OF 12)
D/A 16-23 D/A 8-15 D/A 0-7 D/A CONT

SIGNAL SLOT9 SLOT 11 SLOT 13 SLOT 15 DIP
D/A DATA 0 50 50 50 50 16
D/A DATA 1 m 111 11 111 1
D/A DATA 2 51 51 51 51 15
D/A DATA 3 112 112 112 112 2
D/A DATA 4 52 52 52 52 14
D/ADATA 5 113 13 13 113 3 t
D/A DATA 6 53 53 53 53 13 '
D/A DATA 7 114 114 114 114 4
D/A DATA 8 54 54 54 54 12
D/A DATA 9 115 115 115 115 5
D/A DATA 10 55 55 55 55 1
D/A DATA 11 116 116 16 116 6
D/A DATA 12 56 56 56 56 10
D/A DATA 13 117 117 17 117 7
D/A DATA 14 57 57 57 57 9
D/A DATA 15 118 118 118 118 8
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TABLE C-2 BACKPLANE LOCATIONS OF D/A OUTPUT CHANNELS

SIGNAL

D/A 0-7
SLOT 13

D/A 8-15
sLoT 11

D/A 14-23
SLOT9

CHO
CH1
CH2
CH3
CH4
CHS5
CH6
CH7
CHS8
CH9
CH 10
CH 11
CH 12
CH 13
CH 14
CH 15

CH 16
CH 17
CH 18
CH 19
CH 20
CH21
CH 22

" CH23

71
73
75
77
79
81
83
85

n
73
75
77
79
81
83
85

n
73
75
77
79
81
83
85
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TABLE C-3 DISCRETE WIRING
D/A 16-23 D/A 815 D/A 0-7 D/A CONT
SIGNAL SLOT9 SLOT 11 SLOT 13 SLOT 15
LDD/A 8 5 93
LDD/A 9 10 94
LDD/A 10 15 95
LDD/A 11 20 96
LDD/A 12 25 97
LD D/A 13 30 98
LD D/A 14 35 99
LDD/A 15 40 100
LD D/A 16 5 101
LD D/A 17 10 102
LDD/A 18 15 103
LD D/A 19 20 104
LD D/A 20 25 105
LDD/A 21 30 106
LD D/A 22 35 107
LDD/A 23 40 108
+15V
-15Vv

GND

s A ot i s
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TABLE C4 CONTROL BUS EDB/RTC SLOT 23

EDB/RTC DIP CABLE
~ SIGNAL SLOT 23 PIN CONDUCTORS
cB 0 41 16 1
cB 1 102 1 2
cB 2 42 15 3
CB 3 103 2 4
CB 4 43 14 5
CB 5 104 3 6
CB 6 44 13 7
cB 7 108 4 8
CB 8 45 12 9
cs 9 106 5 10
CB 10 46 11 11
cB 1 107 6 12
CB 12 47 10 13
CB 13 108 7 14
CcB8 14 48 9 15
CB15 109 8 16
CB 16 50 16 17
cB17 m 1 18
cs1s 51 15 19
c819 112 2 20
cB 20 52 14 21
cB 21 113 3 22
C8 22 53 13 23
B 23 114 4 24
CB 24 54 12 25
CB 25 115 5 26
CB 26 55 1" 27
cB 27 116 6 28
cB s 56 10 29
cB 29 117 7 30
CB 30 57 9 K}
CB 31 118 8 32
SPARE 33.50

c-16
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APPENDIX D

OSCBH CIRCUIT BOARD INPUT/QUTPUT PIN ASSIGNMENTS
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TABLE D-1  RNG 1 BOARD SLOT 1
PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 GND 62 GND a EDB 0 102 MPXB 31
2 GND 63 GND 42 EDB 2 103
3 64 43 €EDB 4 104
4 65 a4 EDB 6 105
5 66 45 EDB 8 106
6 67 a6 EDB 10 107
7 68 MPXB 0 a7 EDB 12 108
8 69 MPXB 1 48 EDB 14 109
9 70 MPX8 2 49 110
10 n MPXB 3 50 EDB 1 m
1" 72 MPXB 4 51 EDB 3 12
12 73 MPXB 5 52 EDB 5 13
13 74 MPXB 6 53 EDB 7 114
14 75 MPXB 7 54 EDB 9 115
15 76 55 €DB 11 116
16 LpLo 77 MPXB 8 56 EDB13 117
17 LO MO 78 MPXB 9 57 EDB 15 118
18 LD HO 79 MPXB 10 58 (KEY) 119 (KEY)
19 80 MPXB 11 59 120
2 HO EDB 81 MPXB 12 60 +5V 121 +5V
21 LOEDB 82 MPXB 13 61 Y 122 +5V
22 83 MPXB 14
23 EDB OUT 84 MPXB 15
24 85
% LD/GEN 86 MPXB 16
26 87 MPXB 17
27 88 MPXS8 18
28 RNG 8G 89 MPXB 19
29 RNG 16G 20 MPXB 20
30 RNG 32v 91 MPXB 21
3N 92 MPXB 22
32 93 MPXB 23
33 94
34 95 MPXB 24
35 96 MPXB 25
36 97 MPX8B 26
37 98 MPXB 27
38 99 MPXB 28
39 100 MPXB 29
40 101 MPXB 30
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TABLE D-2 RNG 2BOARD SLOT3

e et A ——

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 GND 62 GND 41 ECDSB P1 102 MPXB 31
2 GND 63 GND 42 ECDB PO 103 ISC ACK
3 ECOBO 64 43 TCLK 2 104 RNG ACT
4 ECDB 1 65 a4 - 105 SPARE 1
5 ECDB 2 66 45 TCLK O 106 SPARE 2
] ECDB 3 67 46 TCLK GND 107 SPARE 3
7 ECDB4 68 mMPXB 0 47 TCLK 1 108 LD HO
8 ECDBS 69 MPXB 1 48 TCLKGND 109 LD MO
9 ECDB 6 70 MPXB 2 49 TCLK 3 110 LD LO

10 €CcoB 7 Pl MPXB 3 50 RNG ACT NOW M HO EDB
n RNG HO QUT 72 MPXB 4 51 QSC DATA OUT 12 LOEDB
12 ECDB 8 73 MPXBS 52 €08 R/W 113 LD/GEN
13 ECDB 9 74 MPXB 6 53 EDB SEL 14 EDB OUT
14 £CO8B 10 75 MPXB 7 54 RST 115 SPARE 4
15 ECDB 11 76 RNG MO OUT 55 118 SPARES
16 ECDB 12 77 mMPXB 8 56 LDXR7A/0 117 RNGWC=0
17 ECDB 13 78 MPXB 9 57 LDXR7A/1 118

18 ECDB 14 79 MPXB 10 58 (KEY) 119 (KEY)
19 ECDB 15 80 MPXB 11 59 LDXR7A/2 120

20 RNG 32V 81 MPXB 12 60 +5V 121 SV
21 ECDB 16 82 MPXB 13 61 +5vV 122 +BV
22 ECDB 17 a3 MPXB 14

23 ECDB 18 84 MPXB 15

24 ECDB 19 85 RNG LO QUT

25 ECDB 20 86 MPXB 16

26 ECDB 21 87 MPXB 17

27 SPARE 88 MPXB 18

28 SPARE 89 MPXB 19

29 RNG 16G 90" MPXB 20

30 ECDB 22 91 MPXB 21

3 ECD8 23 92 MPXB 22

32 ECDB 24 23 MPXB 23

33 ECDB 5 94

) ECDB 26 95 MPXB 24

35 ECDB 27 96 MPX8 25

36 ECDB 28 97 MPXB 28

7 ECOB 29 28 MPXEB 27

] RNG 8G 99 MPXB 28

39 €CDB 30 100 MPXB 29

40 ECDB 31 101 MPXB 30
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TABLED-3 A/DCONTSLOT?

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 GND 62 GND 41 ECDB P1 102 EDBO
2 GND 63 GND 42 ECDB PO 103 EDB 2
3 ECDBO 64 43 104 EDB4
4 ECDB 1 65 44 SPARE 1 105 EDB 6
5 ECDB 2 66 45 SPARE 2 106 EDB 8
6 ECDB 3 67 46 SPARE 3 107 EDB 10
7 ECDB 4 68 47 108 EDB 12
8 ECDBS 69 48 109 EDB 14
9 ECDB 6 70 49 110

10 ECDB 7 n 50 1M EDB 1
L 72 51 112 EDB 3
12 ECDB 8 73 52 113 EDBS
13 ECDB9 74 63 114 EDB7
14 ECDB 10 75 54 SPARE 4 115 EDB 9
15 ECDB 11 76 55 SPARE 5 116 EDB 11
16 ECDB 12 77 56 117 EDB 13
17 ECOB 13 78 57 118 EDB 15
18 ECDB 14 79 58 (KEY} 119 (KEY)
19 ECD8 15 80 59 120

20 81 60 +*BV 121 +5V

21 ECDB 16 82 61 +5Vv 122 +5V

22 ECDB 17 83

23 ECDB 18 84

24 ECDB 19 85

25 ECD8 20 86

26 ECDB 21 87

7 SPARE 88

28 SPARE 89

29 90

30 ECDB 22 91

31 ECD8 23 92

32 ECDB 24 23

33 ECDB 25 94

34 ECDB 26 95

35 ECDB 27 96

38 ECDB 28 97

37 ECDB 29 98

38 29

39 ECDB 30 100

40 ECC8 31 101
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TABLED4 D/A 16-23SLOT 9

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 GND 62 GND 41 102
2 GND 63 GND 42 103
3 64 43 104
4 65 44 105
5 LD D/A 16 66 +15V 45 106
6 67 46 107
7 68 47 108
8 69 -15V 48 109
9 70 GND 49 110
10 LD D/A 17 n CH 16 50 D/A DATAO 1M D/A DATA 1
1 72 CH 16 GND 51 D/A DATA 2 112 D/A DATA 3
12 73 CH 17 52 D/A DATA 4 113 D/A DATAS
13 74 CH 17 GND 53 D/A DATA 6 114 D/A DATA 7
14 75 CH 18 54 D/A DATA 8 115 D/ADATA9
15 LD D/A 18 76 CH 18 GND 55 D/A DATA 10 116 D/A DATA 11
16 77 CH19 56 D/A DATA 12 117 D/A DATA 13
17 78 CH 19 GND 57 D/A DATA 14 118 D/A DATA 15
18 79 CH 20 58 (KEY) 119 (KEY)
19 80 CH 20 GND 59 120
20 LD D/A 19 81 CH 21 60 +5V 121 +5V
21 82 CH 21 GND 61 +BV 122 +5V
22 83 CH 22
23 84 CH 22 GND
24 85 CH23
25 LD D/A 20 86 CH 23 GND
26 87
27 88
28 89
29 90
30 LD D/A 21 91
31 92
32 93
33 94
34 95
35 LD D/A 22 96
36 97
37 98
38 99
39 100
40 LD D/A 23 101

D5




4 ~— —

NSWC TR 80-433

TABLED-5 D/A8-15SLOT 1

| p—

| PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 GND 62 GND 41 102
2 GND 63 GND 42 103
3 64 43 104
4 65 as 105
5 LDD/AS 66 +15V a5 106
6 67 46 107
? 68 a7 108
. 8 69 -15v 48 109
: 9 70 GND 49 110
; 10 LDD/AY 7 CH8 50 D/A DATA O " D/A DATA 1
! n 72 CH 18 GND 51 D/A DATA 2 112 D/ADATA 3
; 12 73 CHO 52 D/A DATA 4 13 D/ADATA S
; 13 74 CH9 GND 53 D/ADATA 6 114 D/A DATA 7
14 75 CH 10 54 D/A DATA 8 115 D/A DATA 9
15 LD D/A 10 76 CH 10 GND 55 D/A DATA 10 116 D/A DATA 11
16 77 CH M 56 D/A DATA 12 117 D/A DATA 13
17 78 CH 11 GND 57 D/A DATA 14 118 D/A DATA 15
18 79 CH 12 53 (KEY) 119 (KEY)
19 80 CH 12 GND 59 120
20 LD D/A 19 81 cH13 60 +5V 121 +5V
21 82 CH 13 GND 61 45V 122 +5V
22 83 CH 14
23 84 CH 14 GND
24 85 CHI5
-] LD O/A 12 86 CH 15 GND
2 87
27 88
. 2 89
29 90
30 LD D/A 13 91
N 92
22 93
3 o4
<] ]
35 LD D/A 14 %
36 a7
37 ]
38 99
. 39 100
40 LDD/A 15 101
D-6
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TABLED6 D/AO0-7SLOT 13

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 GND 62 GND 4 102
2 GND 63 GND 42 103
3 64 43 104
a 65 44 105
5 LDD/AO 66 +15V 45 106
6 67 a6 107
7 68 47 108
8 69 -15V 48 109
9 70 GND 49 110
10 LDD/A1 71 CHO 50 D/A DATA 0 111 D/A DATA 1
" 72 CH 0 GND 51 D/A DATA 2 112 D/A DATA 3
12 73 CH1 52 D/A DATA 4 113 D/A DATAS
13 74 CH 1 GND 53 D/A DATA 6 114 D/A DATA 7
14 75 CH?2 54 D/A DATA 8 115 D/A DATA 9
15 LDD/A 2 76 CH 2 GND 55 D/A DATA 10 116 D/A DATA 11 !
16 77 CH3 56 D/A DATA 12 17 D/A DATA 13
17 78 CH 3 GND 57 D/A DATA 14 118 D/A DATA 15
18 79 CH4 58 (KEY) 119 (KEY)
19 80 CH 4 GND 59 120
20 LDD/A3 81 CHS 60 +5V 121 +5V
21 82 CH 5 GND 61 +5V 122 45V
22 83 CH6
23 84 CH 6 GND
24 85 CH7
25 LD D/A 4 86 CH 7 GND
26 87
27 88
28 89 .
29 20
30 LDD/AS 91
3 92
32 93
33 94
34 95 4
35 96
36 LDD/A 6 97
37 98
38 99 ,
39 100 .
40 LDD/A7 101
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TABLE D-7 D/A CONT SLOT 15

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 GND 62 GND a1 ECDB 26 102 LD D/A 17
2 GND 63 GND 42 ECDB 27 103 LD D/A 18
3 12.6 MHz 64 RTC 43 ECDB 28 104 LD D/A 19
4 12.6 MHz GND 65 0OSC PAR ERR 44 ECDB 29 105 LD D/A 20
5 66 ECDB PAR ERR 45 SPARE 1 106 LD D/A 21
6 D/ABC=0 67 0SC DATA IN 46 ECDB 30 107 LD D/A 22
7 68 1P 47 ECDB 31 108 LD D/A 23
8 RTC 69 ARTC 43 ECDB P1 109 SPARE 2
9 70 RST 49 ECDB PO 110 SPARE 3

10 ECDBO 7 D/A 8/16 50 D/A DATAO 1M D/A DATA 1

11 ECDB 1 72 | OSC DATA OUT 51 D/A DATA 2 112 D/A DATA 3
D/A BUFF

12 ECDB 2 73 CNT BUFF 0 52 D/A DATA 4 113 D/A DATA 5

13 ECDB 3 74 1 53 D/ADATA 6 114 D/A DATA 7

14 ECDB 4 75 2 54 D/A DATA B 115 D/A DATA9

15 ECDBS 76 3 55 D/A DATA 10 116 D/A DATA 11

16 ECDB 6 77 4 56 D/A DATA 12 117 D/A DATA 13

17 ECDB 7 78 5 57 D/A DATA 14 118 D/A DATA 15

18 79 6 58 (KEY) 119 {KEY)
D/A BUFF

19 ECDB S8 80 CNT BUFF 7 59 SPARE 4 120 SPARE 5

20 ECDB 9 81 60 +5V 121 +5V

21 ECDB 10 82 61 +5V 122 45V

22 ECDB 11 83

23 ECDB 12 84

24 ECDB 13 85 LDD/A O

25 ECDB 14 86 LD D/A1

26 ECDB 15 87 LD D/A 2

0SC DATA

27 PAR IN 88 LDD/A 3

28 ECDB 16 89 LDD/A4

29 ECDB 17 90 LDD/AS

30 ECDB 18 91 LDD/AG

31 ECDB 19 92 LDD/A7

32 ECDB 20 93 LDD/AS

33 ECDB 21 94 LDD/A 9

34 SPARE 95 LD D/A 10

35 SPARE 96 LDD/AMNM
36 97 LD D/A 12
37 ECDB 22 98 LD D/A 13
38 ECDB 23 99 LD D/A 14
39 ECDB 24 100 LDD/A 1S
40 ECDB 25 101 LD D/A 18

D-8
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; TABLE D-8 BSAGCSLOT 17
: PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 GND 62 GND 41 SPARE 2 102 EDBO
2 GND 63 GND 42 INIT 1 103 EDB 2
3 OSC RST IN 64 IP1 43 SPARE 3 104 EDB 4
4 RTC 65 RST 44 SPARE 4 105 EDB 6
5 A/DWC=0 66 0 45 12.6 MHz 106 EDB 8
6 1P3 67 RST 46 12.6 MHz GND 107 EDB 10
7 BNGWC=0 68 D/A DEL FF 47 OSC DATA OUT 108 EDB 12
8 D/AWC=0 69 48 SPARE 5 109 EDB 14
9 D/ABC=0 70 A/DBC=0 49 RNG 16 G 110 RNG 8G
10 DEL M 50 TCLKO m RD SEL 1
1 72 OSC DATA IN 51 RNG 32U 112 SPARE
12 73 52 TCLK 1 113 RD SEL 2
13 74 53 TCLK GND 114 SPARE
14 7 54 TCLK 2 115 WRTSEL 1
15 76 55 TCLK GND 116 SPARE
16 77 56 TCLK 3 117 WRT SEL 2
17 78 RNG ACT NOW 57 D/A ACT NOW 118 SPARE
18 79 58 (KEY) 119 (KEY})
19 80 A/D ACT NOW 59 P2 120 LDXR7C/0
DEC RNG WD
20 81 CTR 60 +5V 121 +V
MPX ,
23 RNG ACT 82 ENCODER HO 61 +5V 122 +5V
EDB ACK
22 PRE BUS 83 OSC INT
MPX
23 RST XR7B/0 84 ENCODER LO
24 LDXR7A/1 85
0SC DATA
% PAR IN 86 D/ABC=0
26 OSC PAR ERR 87 85SM ADR OUT
27 88 ECDBRW
28 EDB1 89 8S REQ
’ 29 EDB 3 90 ILL BS ADR
30 EDB5S 91 DBL ECC ERR
3 €087 92 ECDB PAR ERR
32 EDB S 93
33 EDB 11 94
i 34 EDB 13 95 ISC ACK
3% EDB 156 96 RDXR78/0
36 EDB ACK 97
37 98
38 88 ADR OUT 99
LD BS ADR
39 8S ADR MPX15 100 REG
40 SPARE 1 101 O/A 8/16

D-9
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TABLE D9 BSAGZSLOT 19

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 GND 62 GND 41 BS ADR REG 1 102 BS ADR REG O
2 GND 63 GND 42 BS ADR REG 3 103 BS ADR REG 2
LD A/D BS
3 ADR CTR 64 43 BS ADR REG 5 104 BS ADR REG 4
LD D/A BS
4 O/A DEL FF 65 ADR CTR 44 BS ADR REG 7 105 BS ADR REG 6
DEC RNG
5 D/AWC=0 66 WD CTR 45 BS ADR REG 9 106 BS ADR REG 8
D/ABC=0
6 67 DEL 46 B8S ADR REG 11 107 BS ADR REG 10
7 A/DWC=0 68 RST 47 BS ADR REG 13 108 8S ADR REG 12
8 69 48 B8S ADR REG 15 109 BS ADR REG 14
9 iP3 70 iP1 49 110
10 Al P2 50 ADR ADD 12 m ADR ADD 13
1" RNGWC=0 72 51 ADR ADD 10 112 ADR ADD 11
D/A BUFF
12 73 CNT BUFF 0 52 ADR ADD 8 113 ADR ADD 9
13 D/ABC=0 74 1 53 ADR ADD 6 114 ADR ADD 7
14 75 2 54 ADR ADD 4 115 ADR ADDS
15 A/DBC=0 76 3 55 ADR ADD 2 116 ADR ADD 3
16 LODO 77 4 56 ADRADDO 117 ADR ADD 1
17 LoD 1 78 5 57 ADR ADD 14 118 ADR ADD 15
18 LOD 2 79 6 58 (KEY) 119 (KEY)
D/A BUFF
19 Lon3 80 CNT BUFF 7 59 LDXR79/1 120 LDXR78/1
20 81 60 +5V 121 +HV
21 EDB 1 82 LoD 4 61 +5V 122 +5V
22 EDB3 83 LODS5
23 EDBS 84 LOD 6
24 EDB7 85 LOoD7
% EDB 9 86
26 EDB 11 87 0
27 EDB 13 88
28 EDB 15 89
29 90 EDBO
30 SPARE 1 91 EDB 2
31 SPARE 2 92 EDB4
32 SPARE 3 93 EDB6
33 SPARE 4 94 EDBS
A SPARE § 9% EDB 10
35 96 EDB 12
36 INIT 1 97 EDB 14
37 LDXR78/3 98 LDXR79/3
38 D/A ACT NOW 99 LDXR78/2
39 LDXR79/2 100 LDXR7A/5
40 A/D ACT NOW 101 RNG ACT NOW




NSWC TR 80-433

TABLE D-10 BSAGC 1SLOT 21

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 GND 62 GND 41 BS ADR REG S 102 BS ADR REG 4
2 GND 63 GNOD 42 BS ADR REG 7 103 BS ADR REG 6
3 EDB 1 64 A/D ACT NOW 43 BS ADR REG 9 104 B8S ADR REG 8
4 EDB3 65 RNG ACT NOW 44 B8S ADR REG 11 105 8S ADR REG 10
5 EDBS 66 D/A ACT NOW 45 8BS ADR REG 13 106 BS ADR REG 12
6 EDR7 67 46 BS ADR REG 1§ 107 8S ADR REG 14
DEC RNG
7 EDB 9 68 47 WD CTR 108 D/ABC=0
LD BS ADR
8 EDB 11 69 438 REG 109 A/DBC=0
9 EDB 13 70 LDXR78/0 49 110
10 EDB 15 7 LDXR79/0 50 ADR ADD 12 MM ADR ADD 13
1 72 EDBO 51 ADR ADD 10 112 ADR ADD 11
12 73 EDB 2 52 ADR ADD 8 113 ADR ADD 9
13 74 EDB4 53 ADR ADD 6 114 ADR ADD 7
14 75 EDB 6 54 ADR ADD 4 115 ADR ADD S
15 76 EDBS 55 ADR ADD 2 116 ADR ADD 3
16 77 EDB 10 56 ADR ADD 0 117 ADR ADD 1
17 78 EDB 12 57 ADR ADD 14 118 ADR ADD 15
18 79 EDB 14 58 (KEY) 119 (KEY)
MPX MPX
1% LDSR7A/4 80 LDXR78/1 59 ENCODER HO 120 ENCODER LO
20 LDXR7A/3 81 LDXR79/1 60 45V 121 +V
2 SPARE 1 82 61 45V 122 +5Vv
22 SPARE 2 83
23 SPARE 3 84 B8S ADR OUT
24 SPARE 4 85 BSM ADR OUT
25 SPARE 5 86
26 87
27 BS ADR 1 88 BS ADR O
28 BS ADR 3 89 BS ADR 2
29 BSADRS 920 BS ADR 4
30 BS ADR 7 9 BS ADR 6
N BS ADR 9 92 BS ADR 8
32 BS ADR 11 93 BS ADR 10
33 BSM ADR 1 94 BSM ADR 0
31 BSM ADR 3 95 BSM ADR 2
35 B8SM ADR S 96 BSM ADR 4
36 GND 97
LD D/A BS
37 98 ADRCTR
LD A/D BS
38 BS ADR MPX 15 99 ADRCTR
39 BS ADR REG 1 100 BS ADR REG 0
40 8S ADR REG 3 101 BS ADR REG 2
D-1
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TABLE D11  EDB/RTCSLOT 23

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
? GND 62 GND 41 cBoO 102 cg1
2 GND 63 GND 42 cs2 103 cB3
3 EOB PO 64 EDB PAR ERR 43 c84 104 (64: 33
4 SYS RST 65 EAB PAR 44 cgs 105 c87
5 EDB 1 66 EDBO 45 cBs 106 csg
6 EDB 3 67 EDB 2 46 c8 10 107 cB N
7 EDB5 68 EDB4A 47 €812 108 cB13
8 EDB? 69 EDB6 48 cB14 109 cB15
9 EDB Y9 70 EDB? 49 110

10 EDB 11 7 EDB 10 50 CB 16 m CB 17
11 EDB 13 72 EDB 12 51 CB 18 112 cB 18
12 EDB 15 73 EDB 14 52 cB8 20 113 cg 21
13 EAB4 74 EABO 53 Cc8 22 114 €823
14 EAB6 75 EAB2 54 CB 24 115 cB 25
15 EAB 6 76 EAB1 56 CB 26 116 c8 27
18 EABS 77 EAB 3 56 cs28 117 cB 29
17 ]NG HO OUT 72 . EDB ACK 57 CB 30 118 cB 33
18 RNG MO OUT 79 EDB P1 58 (KEY) 119 (KEY)
19 LDXR79/2 80 ED8 SEL 59 120
20 RNG Lo QUT 81 EDB RMW 60 +5V 121 5V
21 LDXR79/3 82 LDXR78/1 61 +5V 122 +5V
22 LDXR7A/0 83 LOXR78/2
23 LDXR7A/3 84 RDXR78/0
24 LDXR7A/1 85 LDXR78/3
25 LDXR7A/4 86 LDXR78/0
26 LDXR7A/2 87 LDXR79/0
27 LDXR7A/5 - LDXR7C/0
28 LDXR7C/1 89 LDXR79/1
29 OSCRST IN 90 STATUS OUT
30 MANUAL RST 91 RTC ACT
31 ARTC 92 RTC
32 PINGTA+ 93 PINGTB+
33 PINGTA- 94 PINGTB~
34 12.6 MHz 95 PINGTC+
s 12.6 MHz GND 96 PINGTC-
36 SPARE 4 97 PINGTD+
37 SPARE § L PINGTD-

EDB ACK
33 SPARE 1 99 PRE BUS
39 SPARE 2 100 RSTXR7B/0
40 SPARE 3 101 LDXR7A/1
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APPENDIX E

FINAL OSCILLOSCOPE TRACES OF THE OSCBH D/A OUTPUTS AFTER
SUCCESSFUL COMPLETION OF BASIC DIAGNOSTICS




FIGURE E 1

D A CHANNELS
2,4,7.10.13,16,19, 22

HORZ 50MS CM
VERT v CM

FIGURE E 2

D A CHANNELS
2.5.8,11,14.17, 20, 23

HORZ 50MS CM
VERT v CM

FIGURE E 3

DA CHANNELS
3,6,9 12,1518, 21, 24

HORZ 50MS 'CM
VERT 1IV-CM

. . ——— . .

o : St PSPV
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APPENDIX F

SOURCE LISTING OF OSCBH DIAGNOSTIC PROGRAM




NSWC TR 80-433

. L)
UNYHId0 GNODIS = ONVHIO LSHI4 41 HONYHE 271°9)D D9 »

OHOA QYT ONY
QuoR ONZ ONY
ouom AST 9Ny

d0is

SINO ININITIWOD

fiL301)
ONILSIT 32HNOS JILSONDVIO

GNYY3d0 ONOD3S = ONVN3G0 L1SUTJ 41 HONVHE 171°0DD 28 «69%

SNivis aviy
av3Y AWnWNG
ov3y snivas

Q3T79YNZ ¢ NI NO3IHD INIHOVN

MSd M3IN NI 3IAOW
ASd JS0 3HOLS
ASd IS0 @0 40 HuuQvY

1-4 3UNSOIY

51002 1y L] oY
13400 )X 1Y Wi ey
e 06%

ASd AIN NI iNd e 687

ser

19

21 34 98

2*uY  wnid (1]
€40V HOY viQ 29y
IVLUO0)IXHUY  VYKWID cey
€*I0VEHOY  9vIO 28y
Ivi00 )X *HOY i ({1
€*0veHOY  9vVIC [T 1)
Ivi00)X*HUY  ¥WI 2V 6l
o 9L

ONY DIN] 030335 HIAIIVYHA OV3IH » 119
T

0°0°0 9via CYL)

21 '} L3

0°0°0  9vIQ €LY

0437 = {WNSIY HO ONVHIAO JI HONVHE 271993 Jd «2(9
21 238 e

13002 )WY VNIX oLy
1 34 HoY

1y WNID L9%
€°0veHOY  9VIQ 999
€40vHOY 9vIO0 49¢
18200 1% °HOY  WHIY “9y
2*70V‘HOY  9YVIQ €9y
12L00 )% *HUY  WWIN 29y
0Vt 0V vax 19¢
10009 )X WSS 09y

» 68Y

(w38 SNLVAS TVILINT » ©SY

» LSY

Jvou0)xcee Ly WH 9%y
VASJIRINC LY 1 58y
nSdG 102 1Y Wr 4Sy
1v900)x Y [Tk (X 17
wuvuy vx 25%

19y

i4te  ONISN 05%

0¢L8  dvd 6%y
9OISYLdY  A¥LINI uyy

. no3 Loy

99y

13382 Svey

(11)

240 INldd t

ANIWILVLS FJUNOS LWLS

240  INTY

215125023nYN 10352

Hd 60 €

€922410y
31000165

%200 4693

20000 4v0
€ovotuet
viooovel
€000tuet
vi000061
€oovluet
YL00000!

vooooULE
2200 4uv3
000v0Vet
*200 4993

0020131
Q100 48%3

10000 3v0
€00010<E
cooutace
92000061
*000702¢
3L0000s 1

1ot

400800S4

v9020lay
6920415
95222109
v9000l6Y

F Y1)

g46d

W9lb ©

3003 42360 201

LE0guy
SEOULU

€Loguo

teoouvu
<0000
Qe vy
82uuuo
620000
L4000
S20004

€Zvouy
120000
J10u0v
atuovy

glovuey
6luvoy

410000
Slvuvo
c€lvoue
ttoow
200000
aouvouo
00000
voouuY

voouuL
y00Q00
*00000
2000
{oouuo

toyyuy
adgaaue

0VoVLe
000000

oL/v2/780

F-2



NSWC TR 80-433

2 39vd

{(tlL 402
ONILSIT IDHNOS JLLSONOVIQ L-4 3YNOII

SNIVLS 23V Qv3y C*IEVHEY  avia 29S
ILVLS OH ONY LASTICRATTTE S L A 1] tes
SNiviS 23y J1EY00 X HEY  wWI 095
IVL00 )X HUY VWD 6€S

THAONY* e LY wl HES

e 1€

1$31 13530 SS3HOQY ISOe YES

e S€S

€'0veHOY  9VId €S

J8L00)X*HOY  VYWIT  VONYIS €€S

» 2€S

d01s 000 9viQ les

GNVY3IdO UNOD3S = GNVHIHO L1SH1J J1 HONVHE VONHLS*®8DD 28 +U€S
VYONMLS 34 625

1531 ‘01 HEVY HGY vy €ONY ¥2Y

d01$s 0°0°0  o9viu L2y

ONVH3IJO ONODIS = ONVHIMO ASHIJ 41 HONVHE CONB*EDD I8 +92%
LOTT ] k'] 529

1531 "0°n v vy vud ZONY %2S

dols 0°0¢0 9v10 €2s

ONYHI40 UNDD3IS = ONVH3IAD 1S¥I3 J1 MONVHE ZONU*8ID Ju *22%
29Ny EL] 128

1S3L *0°H HIVHYY vyd ués
GNVYIHO UNOD3S » ONYHIDO LSYIJ 41 HONVHE €1°920 24 <6l5
[ k1] vis

€* Y  Wnld s

2 Quon Qv3y CouGYeHOY  Ovia 91s

{ owom ov3y C*eveiOv  9vi0 (119

0 QUOM OV3IY touoytHOY  9VIQ 91s
IVL00)IXCHOY  WKHID €ls

Co0viHOY  9VIOQ 21s

182001 °HOV  wWI 19Ny t1S

e OIS

34VIS ONY ANO QVIY & 69S

* 90§

HLIONI 24KV IHOY ovia 108

$S3400¥ °0°" LAY AT 2 ) {1] 90s
SSIYOUY *0°*M y492veH0Y  9vlg 508
31vis oNy *0°*1 %2y HOY  9vIa 0%
J1VIS ONY °O°N 9 HVCHOY  9via €0s
VLIS ONY *O0°H SuiveHOY  9vIQ 208
S$SIMUAY ONY 1vL00 )X *HOY Wi 1os
J1¥18 9NY 1S¥IJ UVOT IHdONE*2* 1Y wl 00s
€0V HOY  uvIU 66y

JULO0IX*HOY VYWl €1 vey

e loYy

UNY LUVLS o Y69

o 569

12400)x42°(v 0] 2%

ASd ANIT JISU 340 SS3BOQY UNSanINC LY 1 L6y

ININILVAS IDUNOS 1WLS

430  ANlud 2151050=3IMWYN 133SI

Wd 60 ¢

€000292¢
%0042¢2C
€90uuvel
vi000061
lectiglus

€000 [ueE
4240000061

000000¢t
4900 yu73

9v¥0
00000uct
v900 Juv3

oo
0oo0oouct
Y00 3uv3

evyl
€00 4uv3

€0000 49v0
C0Udvuet
€00060<L
Co0vyueL
Y100006l
€000tuet
aL1000061

4000¢0¢C
4000902t
*000502¢
9000%02C
s000L02C
Youuluet
v2000us!
1822alus
[{TIITTIY
aLovovel

Ji020109
1120415y

30D LI

L9000
viouye
¥10000
Y40000
910000

2L0vu0
0LU90v

I90uve
JYVuu

HytLue
690y
4900v0

Y9000L
90Ul
(4017111

t¥0uvy
JS000Y

asoyve
9500uy
65000V
15909
$S00U0
£so0ve
1SU0LY

Y0000
as00uv
g900uy
6%0000
4y0000
[XITTTY
€90000
(L1 T ']
000
[ (XY

atovwe
6L000vY

07

ol/very0

F-3




{LLd0€)
ONILSIT IDHNOS JLSONOVIA L4 FUNOIS

W9y 9y vyx 265 aadtl 1o0o0v
22013 HIV vl 169 ¥6204250 4H0VO0
H1dNES*SY ] 065 1620495y Qu0UUY
& 6YS
JAYAINIS I1VHINID « 86S
e lyy
1419V 129 98s 0800 4US3 ByOVUY
1Sy WHiY SHS 10000420 6HOUVVY
LAY UL oISy viS (11 00ELY812 LBOUVLY
LN Y952 1SV vis €9s HotlLodle SULOUL
LAY 2 1Y HSY viS 28% Q02L9v12 €QLLLO
LYW QoYY vis 147 18S 000L9vi<d LuvuLL
HSY*ISY  vHD ovS vell opoooY
000 LD*HSY vl Y34 86204YL0 Jvuuve
RTAARTA ] v 8Ls 4431 gvuvou
952249y v LLS 6620 4Us0 HYOVLUY
BLINOS oY b 9Ls 66209957 6VLOUY
* Sl
IAVA JHVNDS ILVHINTD ¢ wLS
o €IS
% SH9Y Y¥iva 21s 0363 yvlouou
g VSIIONH*SH h) s 4520 4099 9vOUUL
] NSH® PV vis 044 06204612 2v0uvy
© AilAall] vy 69% 6631 Lyouue <
-4 THdONY*e* Iy Wy 895 teZilus 1vvove w
= O T T 195 100004o1 J46000U
[$) (=2422) 28 +995 9600 4¢3 Q60U0U
2 0 ¥S1i ¢S9S 0060 2600VY
> J1SA™ ¥9s§
€40V HOVY avia €95 €000104E voulvu
JOLODIXHOY  VWIT  LSLMW mom aL000V61 weLLUY
o (99
HIANO LS3L e 095
« 65%
1nvd 0'0%0 9v}la 955 - 0000002€C 960UV
ONYH3J0 ONOJIS = ONVYHIJO ASHIJ JI HINVHE LSL%NT8°@D) J8 +1SS 160044093 Y6LO00U
1s4318 ki) 95S
1834 01 HEV O HSY il 18107 8SS Swyo €6000V
1y 0¢0°0 9via (15 0060002€C 16000V
(NVE340 ONOJ3S e ONVHIJO LSUIJ 41 HONVNE 1S1071°9)) 28 *£SS 260044%3 J9000V
1107 30 2sS
1531 OnW Tyt loy w 19§ €ou0 380000
34viS 00 OvIy C'HYYOHOY  9vIQ 0ss £000v0ZE JH0000
ILVLES OW QV3IY F49yoHOY  O9VIQ 6%S €0006U2E wULUOV
31v1S OH OV €Hovenoy  9vIO L1 €0006ULE gULOVY
SS3INAUY ONY 1VL00)IX*HOY  WHID 11 vLoovvel geuoou
ov3e €*0veHOY  9v]a 99g €000102€ 2wuUVL
AWKNG JULUOIXCHOY  WWIT) ({13 84000Vt cwuLLY
ILVvAS 01 oNY 94HESY HOY  9VId 9§ 9000902€ OWLVOU
, 3iviS OW ONY 9 v HOY ovld (3 1 9000€LCE 320000
1 ININIIYLS 3IDUNOS ANWLS 3003 173180 J0)
€ 39vd 4
440 INJY¥d . 2151250« 3IMYN 1235) g 60 € 6L/7%92/90




[

(tt 40t}
ONI1S]T 30HNOS DILSONDVIO  L-3 3HNOIL

i 8§S3YUAY "O0°H 2*Hlvenoy  ovio 299 200020t 330000
$S3H0UY ¥v/Q JWWLOOIX*HOY  VYHI 199 9400006l Guouy
SHILINVYHYL v/0 Uv0 YWdvQ° I¢(y Wl 099 162l 41aS vi0ovl
03ZIN90D3y 34 0} e 6€9
S1dNEEILNT ON MDY 10009)¥% WSS 9€9 00080US4 634000V
. L€9
WVHO0Ud ONILJNEYIINT LON NG ONINNNY S)IV/A HLIA ONY 1S3) e 9€9
e SC9
INOQ 31 MNIIHD TONYG* LY 1%a %€9 43004453 £ 30009
WILInvevd 3HO0LSIY AyonNy ¢ 12y vis €c9 68204512 S409uv
$S3400v 01 RQ 00C oav 100€0)X* Y  vWly 2€9 00€00520 ¢ 0040
SSIHUQY ONY 139 QVINY* 12y LA 1€y 6820 4550 1300vv
$6°96  ¥ve 0€9 0363 0400uY
1 ¥SILONY’SH 1 629 £520 4U5% 330000
NSH® VY vis 829 06204612 23000
VoY TYY viyx 129 6621 w3000V
(NNY) SILONY ¥O4 ¥V3ID 1SYeISY vix 929 dedl vivvuy
SUILINVYVYY ONY QYO VaONHe 2 Iy [T ONUQ Sy Su2241us YILVLE
GINI4 368 04 S$HI0W Y3IINI 'Ly wWln 929 0000 s61 y3IVYLO
LA e €29
SHJ078 ONYW NI 14 o 229
[v) o 129
Q 78210 Uy 108 029 90004453 ¥30000
Y ) 2+4ivigt 9y v4s 619 tv2n401Z ¢3veue
© 1006 T 9V WW]V elg 00910020 V3V0UVY
[« LA RIR Y L ) vl 419 1v204050 300000
| 1-2¢230 2€ 919 ¥G0042%3 20000V
3] 0 ¥S11 +SI9 . 0060 @guuuo
= ILSOW vi9
2 821v40* 10% 18210 €19 4620 4050 60V9V0
6 UY  WHIT 219 60000461 2QVOUY
e (19
AYOW3W OLNI SWHOJ3IAYA INIS ONV 3¥VNOS OVOY « OL9
. 609
2dV HIY e - 909 9200 4353 SQLOVY
149y VNIV L09 10000020 tUoLuvL
2viay uv 909 2209 2Quuus
Tvtey s S09 1¢9% 1guuoy
oveov uv *09 90U vyyuUy
€veoy uv co9 €u0% Jouuul
Tov*HEY YW 209 6920 330004
HYY *HZY iKW 109 9920 @luovY
YUY LT 009 6230 20UV
HYY U0V YN 66S YUV HI0UVUG #
eveey ¥l ves 2€1y wluuwL .
ovtiy ')} L6S o1y 630000
YA*SY O HUY vis 241 965 00095012 1Jvvue
000232y 1 565 2620 425% SIVUWL
Oveov s . %S 0UYY *IVV00
SVLI304 %Y h €os 1220 g95% 220000
ANIWILVLS 3D8N0S LWiS 3002 133r¥0 D01
ﬁ %  39vd
430  INlYd 21S1J0SUsINYN 1238) Hd 60 € 6L/92/60




NSWC TR 80-433

(Lt 40 9)
ONILSIT IOHNOS JLLSONOVIQ  L-4 3HNON

SianNuy 4INT L IS3 o dov
-

ley
2°1CYSHUY 9vId (T3 9000SUCE vy lvoy
7' HEYHaY avig 689y POL0902L wol00L
#*lvonoy  OYI0 B8y 2000 UL yu vy
nlv HOY 9v1Q 199 70ydZuct ¢alovu
. 19200 )X*HOY VW[ 94y wigvudol uvlovy
andvyt ity Wl Sy9 duel210s 3€ 1000
197 1oy 128 99 01104683 100
1S317¢ ey 108 uy 32104553 vilvuy
eecE  ew(y sd1 269 20000824 YL 10OUO
0¢0¢0 ovio0 189 00Yu0ULC v 100V
ONYYId0 ONODIS = ONVH3IJO LSHIJ 41 HINVHE $61°@20 I8 +08Y LETV g¥»3 9L 100V
syl 3a 619
yy'sy o) 849 95¥y celovy
[% SF4TLY YA ] h ) LLY d0ucyssy letuve
Lx*19°0°9y 1 AS310 99 000€6YsY s2lovy
ldn31428 h ) sy . €2v04vsr p2lvov
41dROS* te 1 "9 §620305% pelovy
Keree Hyx €19 1100 welove
%2010 2v wii L9 Gua0usel weludu
(-e%230 368 <129 92104¢93 9<¢lvvy
D USLt 2049 0000 S¢lvvy
I1SAM 699
$d 0} S8 WOM4 HIISNVHLA ViIVO 2431vo* . 1% 899 arvevvsu cclovo
: ' : 1=24230 28 +199 31104293 teleoe
0 MSLL +999 006G 021000
LA™ S99
S8 0L Sd WoM4 YI4SNVYYL ViV 1934vo* 1a% JiST 999 $v204950 311000
NO S ¥/Q 3T7INR HISSNYHL ViVO S* vy wHID €99 S0000661 1100
. 299
M0 S1S3L o 199
s 099
sS8°98 8ve 659 . 0363 4ilooo
V531ONE*SH h ] 059 1920409 611000
NSHE VY ¥iS 159 .ae204612 11000
10008 Ix* Wy It 969 - 00090661 S1100Y
N301g 4SSt ¥OJ SHvd N] QYD) . INdYNY2¢ Ty WY s99 19224105 £l1vo0
' J00m 1S34 N0 1Sy L L] ] 959 10000uel 11000
e €59
1S33 HLIA ONY NO NUAL o 259
e 199
N0 ILJuA 9* ly* oy 9v10 059 2000EU2E 401000
#ulysuoy  9v)0 699 *000202€ QUlYLY
§$53400¥ %D010/300M 12400 HOY WK Yy JL000V6T BUIVLY
#3013 LINI 1ooivixe Ny Wil Loy eGlrotel svivow
300w v/Q LINI 100G In*uly  wWIY 999 00080261 201000
HI9NIY 24 RyH0Y  9VIO a9y Y00U0S02€ S01000
1Nn0D LALTPL AXYT T2 ] (20 9000902t €OL0VY
S$S$3u00VY *0°*1 YNV HOY avig Y *WOLEVZE 101vue
ANIHILVES DBNOS AWLS 3002 12310 201
$ 39vd .
430 IN)UO 21S1J0S083INYN 1D3%) wd 60 € oL/92/90




NSWC TR 80-433

39vd

(
ONILSIT IJHNOS

L]
}

ONVY3Id0 ONOJ3IS = ONVMIdO 4SH

qQviy AWnNQ

GIWYNI LdNHYILNT IS0

SLANHYIIN] 8Y3IDD
SSIMAAY TINNVYHI TWHLINOD

tL409)
JILSONOVIQ L-4 3HNOIL

¥NSY1B23  LIVAX

1000W)X WSS
2400321y WH
vIS1010tly |
v900 12 LY Wi
YAS400¢ 1Y ]
HSY Hli

**Hove DY OVIQ

v HUY 0V ovia
12L00)x°0Y [
.0 WSS

. nol $7

INTLIwa®SY 108
YHivenoYy  OVIO
2¢EYIHOY ovio

192001X %0y WWID

EveIEY vux dYAS
ety WHIV

Jooty)xuly L L1 INL OOV

dVYRS ¢ 2]
1* Y wWiS
1000@)x*HIY  WWIN

t4 13
873
owL
6EL ’
['[¥]
(13
9tL
seL
° €L
(173
2€L
1€L
ocL
6ZL
9eL
121
921
Sél
2L
€2
2L
122

14 41 HONVHE INTGOV*9)) 28 021

INfaav 3d

oty YW1

€°ov*Hdy  9via
18400 )% *HOYV VWil INJJSO
L

INILOOY LdNHYIINT
-
0%0*0 avia
. 0 . WSS
2VPHOY  ¥1D4
Cvecy U
[4 Ad %) ol
cy‘ey 8l
2v oY MLD8
[ R4 ] Wlv [ R
12y iy
AvVI3Q° Y Ll
CY'EY ux  INILlVA
10200 )X (33 JSON3
vty ux

Y8020)x 18y il
L ]
LdNBY3ILNE IS0 H04 LIVA o
L]
HSY "l
1200 )X HSY  wnWI

INIWILYLS 3Jun0S

430 INIbd

1Y)
vl
[373
9L
sis
*lL
€l
2L
(173
otL
60L
80L
104
90L
SO0L
20L
€0L
20L
0L
(113
669
969
169
969
S6Y
269
€09

IW1S

<1S1ISUsININ LD3S)

N 69 ¢

00090054
JL020(49
(920 419
vou2otay
652041%%

Ovu0
*000012C
¥00001¢2¢€
J100006%
00000054

1s104us3
900020¢t
9000L0¢<€
94000001

Lt
(ooooceo
00190eol
Letvguvld
10000190
0o0voeel
4910 4993

00000¢Cvo
€00010¢C
941000061

0000002¢€
000000% 4
eull
CElY
(<48
Ecly
[{]1¥]
10000ceY
9510.4¢c9
4620 3v4%Yy
€€Is
0culgusy
s
wuLvodol

qyvy
2wovovel

3002 £23ré0

wloou
201000
velugu
wuioyy
Yulove
swlove
tylovou
fwlouy
FIRLTT
utlove
Ui tuve
TR
64 1vve
111000
sLlvoe
v lovu
cLivue
(78 Y1)
Iviovy
wivvy
vy loow
yyluvy

991000
*91000
291099

091000
351000
0stlvov
Jsi000
gstovo
vSiovy
69lvue
451000
551000
E£stvve
251000
951000
Jvlvye
asiove

Jelove
vylvoo

207

oL/ve/ue




NSWC TR 80-433

{LLd400)
ONILSIT IJHNOS ILLSONOVIA -4 IUNDII

$S3YY0Y SNiviS avo 14L00 X HOY  viIT €oL 94000061 JHlOUU
e 261
ASNE H04 MIIH) e (6L
s 06L
ONY LHVIS 2 WYHOY  9VIO 17} Y0u0l0¢E autuoe
: 12L00)X*HOY  YWLD CLT3 21000061 BHI00V
HYY* 10V v4o L9t oldl vealugu
HSWEHYY Y1  ONHO3Y 98¢ 9010 3u90 G8lvov
300n 9V ONY YOOV IN* 0V wWlT  ONANIS SO2 00slolel 9uluvey
a1 %0 19419V vax ¥oL 021 Sdtvuo
N2E¢991°90a2* 1°0=HOV ¢Ql IUOW HIV M9V vux €oL 2231 sulove i
ANROD %20 Tyt 1oy vyx ONMIS 24 o631 tulvov
oNNY LS [:] 1e¢ 0200 40v3 tyltvou
ANVE3I40 ONODIS = ONVMIJO I1SY¥IJ J1 HONVHE ONMLIS*ED) D8 08¢ aloosuel aviowy
ONYLS 38 (YY1
14SY  wHld 8LL 10000uv0 Ovivoy
¥UVCHOY  9VIO e »000Lu¢E pvlivovy
**HEY*HOY  OVIC 9L ¥00090<E 6vI00U :
9KV HOY  9VYIO0 st 9000SucE Lvivyy
Y*HSyiMOY  OVIC LY} . : 90009u¢C SYluue
®* Iy HOY  OVIO : €L ¥000C0<¢C Cyluvov
*°HivenOY 9via 2L 900020¢C tvlove
IVLOU X HOY WK1 1w vL0U006l suluvgy
o 0LL
ATING NAY 4] 0 = TSV » 692 N
1S31 %0018 41 1= Sy » 99L L
. 198
19°6-e ONISN +99L voluow
$8°40 ¥ +S9L aaty 3eleov
42 SO *v9L veluye
$4%9* 8 +t92 900000v3 weloov
6891498 WIS SILONU*29¢L . 90010369 96l00V
dOND) 192 0003 Seludv
YINGS  SIL9NN 09
* 6SL
o OSL
assss LIVAX ONIVH ONI weseas9Gi
40X LIVA INSST O YIX  +95L 9034 veluou
1164 NOTAGO NI 13S JO000u )Y HIY YWIO +ESL 000992vi 2o6lvoU
INTYA ANIWIVVIISTO QvOY vlely Wi «2S2 30000165 veluoy
seeliSe
ese0SL
(Y2174
o0 210790710 eosne JONVYHI LSV 40 ILVA eelbl
aaciol
enese 91720790 anane LIVAX OUIVH ssrasrivl
ANINILYLS IDENQS LNLS 3009 1J3r20 201
&  39ve .
440  ININd 2151380%3nWYN 103S) Wd 60 € oL/s7v2/W




NSWC TR 80-433

(Lt 40 8)
ONILSIT ID2HNOS JILSONDVYIA L-d4 3HNOIS

[
dwiir HY4ONY*® a £oe 6200 40v3 L0200V [
WHOJLNN 2t JU021)X*0Y VWY 299 0t210l61 Sucuuu !
ONVH3d0 UNOJIS = ONVHIJO 15813 31 HONvHE DILONN*©DD 28 *1ve €L004993 €02VVY '
dRNr 99 19Ny k) 098 .
300W 991 1°H9Y  WWlD €9 10000Jv0 Lu2uvo
ONVH3d0 ONUOJ3S = ONVHIMO LSHIJ 41 HINVHO 90ONH8ID JH +8(8 LL00 4493 431000
o8 01 dWiif OUONY k] L€8 '
3000 99 O°H9Y  VHID Q134 9€9 VUL00IV0 O4luuy .
NJ0TH ONE ¥0J3 SHVd Ov0l ZHJAONY* 24 1Y "3 sey 240241dS d41060 w
* 98
33078 ONOJD3IS ILVHINID e ECO '
* - Nﬂ‘ l
UNOD3S = LON UNVHIHO ASHIJ 31 HONVYEB 9271°9dD ING +1tv 64004423 641000 }
dWNr Y INOO $X30718 H10d A ocy '
%3078 1SHl4 1*9v vH1D 628 10000UvY 2 4l0vy
442 »0174@ o1 | 00V 1*9v wnlv WNE 929 ' 10000ucy S4luvy
%2078 AS¥14 40 (Q33IS 3IHOLS yHYHYdS TS LY WiS NJ3S 220 ®301 4169 €100V
INNIAINOD 03 HONVUY NNT® o 92e #4500 40v3 Lialuvou
033§ %2018 ONDJ3IS 3IW0LS BHYHVA 10 1Y s 528 93013109 43100y
UNYHIJU ONODIS » ONVHIHO ASHIJ 41 HONVYHE NI3S*8ID dU +9dW 0500 4u%3 U3LVLY
dROr *3S814 41 ND3S k1) €8 -
NI018 GN? ¥0 15T 41 XNIIHD 0*9Y  wuld 224 000000Y0 w3aloLy
€*Wy'nov  9vIO 128 €U00102E 6310u0
JHLOODXSHOY  WWIT oze - 81000Vl 231000 {
a33S 07 Qv C'H2Y*HOY  9VI0 s18 €000%u2E S3luvey P
Q33S OW Qv3Y €4 Wy*noy  9v10 gle €000EVZE LITVVY i
Q33S OH Uv3Y ©€'uly'uoy  9vig Le ~ €0e00202C 13100y
QYoM |Suli ONY V200X *HOY  WHID 91e © ¥1000Uol 301000
QNYH340 ONODIS & ONVYIHO ASHIJ 41 HONVHE ON3INY*YID 28 S1e . Y00 4v"3 UOLOVY
ON3NY 38 (9
005V ¥Wld €21 €l . 00000uv0 €al0VO
0°0'c  ovIQ 2e 0000002C 6aul0uo
135 S110 ON SYH 170S3y WII90T 41 HONVHE €21°9ID 28 «1i@ SY003uy3 L010V0
€27 INVH ole
JO0J€E X0V Wil 608 002C019€ %0t000
2 118 135 3INOO ONY 100021%40Y  WHiX 1INOD 809 00020131 €alovo
INOO vez ¥id 0OV ¥I3I0 CLEVAtHLY 129 108 $C004393 10l0V0
135 119 ANV SYH LWNIS3Y 1vI1007 41 HONVHE LNOD*8ID INB +909 Qcoo4vd3 #1000
INOQ 41 L1X3 INOD  dNVe £41]
3NOQ 9NN MI3HD yoo02)x*0vY  VYwilL %09 - : 0002019E 021000
SNLYLS ONIOVIE 3INNILINUD €40v*HoY  OVIQ 211va €ug €000102€ ©IlvvY
AN03INIL w04 13S VO0L*HLY  WWI 11VA 208 93Cv036l 621000
e U9
3NOQ ¥04 LIVA = 0L
* 66L
d01S 0°0%0 9vIO [T 000000t 221000
135 SLIU UN SVH 1INS34 WIIN0T 41 HINVEE L1VA*EID D8 *lel €E003uv3 SO1000
0 = OMNOMS 11vA  INVE %L
J0002)x*0Y  WWIL (1.9} ovg20teL €d1000
SNLVLS Ov3y €ioveHoY  9OVIO oL £€000tu2t 1100y
INIHILVLIS 3DUNOS AWLS 002 1IXEW0 DV .
¢ 3ve
440 ANlYHd 215175023WyN 4238 Wd 60 € 6L/verve




NSWC TR 80-433

(Lt 4O 6)
ONILSIT 3IDHNOS JILSONOVIA  L-d 3HNOIS

JUOH IN3IWIYINT 1°H9Y  WWIY HiSL €oW 10000320 642000
0¢0°0 avi]a 268 000000¢€ Lv2000
ANVH3d0 UNOD IS = ONVYICHO LSHTJ4 31 HONYYH WISL'¥ID 28 <168 £0004893 Sv2000
HINYYE *TvN03 48 wisl 39 LT3}
*0°) 3UVINDD HYY *HeY vid €1S4 680 de¥0 99200Ue
0500 oviO e 000000<¢€C 29lvul
ONVH3IdO UNOJI3S & ONVHIHO L1SH¥IJ 41 HONYHE €1S1°WDD 28 +.84 V004893 Ovlyul
HINYHY *WYN03 41 €isl 38 98y
. *0°wW 3UVdWO) ICyety vyd 2481 swe i L1680 JE2000
Q%00 9vio 949 0000002€ QL200V
GNVH3IJ0 UNDDIS © ONVY3H0 LSBIJ 41 WONVEE 2151°€DD 28 +Co® o¢eovcou 8c2vou
HONYYHE * W03 41 2181 3 2v8
"0°H JUVINOD HEY*HIY vy lyg 920 VL2000
31v1iS ONOD3IS OVD) BWYHYA4S LoCY Wl (TT'] 9301 4€US BE L2000
lvis 1Suld Gvod wHvdvgt 1oty Wl oL8 ¥301 3lus VL2000
ANNOD NO HONVHE 927 T9v 128 17} €600 4693 YL Luwy
¥3UnD anng 2°Ke  anly 08 129 200004429 €L 2000
S1J6 NIIHD UNY d4S 000 9viQ e U00U0ULE UECOVY
o 948
LWL o 9y
. €LY
.. ONVHId0 ONODIS = ONVHIJO ASHIJS 41 HONVHE 0CT1°9DD D9 +220 20004U%3 42000
WNO3 41 HONYHE [ 1] n (¥1°]
evely ¥ oLe 2lue Q2evuo
Cx*2acveol ey 9 69¥ 009€vesy 82¢000 .Ol
Ex*2utocly h) 921 999 000€VYISY 6¢¢000 “
tdw3l420 b 199 32603vay (22006
AR T B ) & 999 00200061 22000
AIANT 400 ¥VITV) ;*E KRG *1.} 4 S99 LLIS ¥22000
. 1-04230 26 <999 89004293 Z22ouu
0 ¥S11 +C9% 0060 1cZuoe
LSOW 2%
. ONY 30 ¥3IISNVHS LUVIS 1831° 10x *21 “oc 94004050 JtZ0vy
; o 099
) ONI1S3) NJ078 » 658
» 89SV
NIO3I8 ONY 0L oW ONY9Ia [} LS9 220040v3 alzuvv
. HIONIT ¥oICY HOY  9VIQ 9s8 ¥000£02€ 812000
SS3n0ay °0°) YOHEYHOY ovia 421 900099¢¢ ol2000
SSIAAY 9NY “O°M ¥ Wev*uOY  oviIa (417 ¥000S02E 212000
I1ViS ONY °0°Y) Yu2ViHOY  9VIa €S0 40009028 SlZ0uv
31VLS ONY °0°W ¥ Ilvin0y 9via 258 Y000CU2L Cl2vouy
ILVIS ONE °O°NM Y ulvoHOY 9via 159 ¥00020<E 112000 ]
ONY 40 SSINaavV IVEUOIXHOY  WHIT  dVdAONM 0SB . VLU0Vl 202000 )
. 6%
SHILIWVEVY QYO » BWY
o LYy
00K ¥ 10088)X*0Y  wWi 9UONY 9v@ oovtelal aveovy
dROr HvdONY® "] [17°) 6400 40v3 80000
I00KW 91 JOOSUIXSI0Y  vWIT  OVIONN vve 00v10tel 602000 3
AN3WILYLS DUNOS 1WaS 3003 £33r¥0 201
[} 39vd .
440 ANI¥d 21S1250=3WYN 1D38) wd 00 € 0L/92/40




NSWC TR 80-433

{lL 4O 0L)

ONILSIT 32HNOS JILSONDVIG 1-3d 3HNODII
102 4404Sd 211 )d 20 €ne
J12%enl292 1% 115 )0 20 296
1800 4)X 20  9oLVvi0 v
40 (] [ LT
ul $0 NSH bfb
10002)X 30 0002) B€o6
10001 )X 30 00010) 1€6
12201 M 20 %2012 9te
1962 IH 30 952) s€é
(AMNIS)Y 30  YldNIS %€6
tyARDS) ¥ 30  ¥idMDS €t
3 S0 dalisi éce
102410009 )X 21 )d R i} 1ce
j120099L2€0 11 °¢201)d 20 ote
19104)x 34 1924 6¢e
40 sa vie
10010001v)Y 20 126
100000093 J0 9o
13v6uLden X 20 2WdINY SZl6
1000000V )X 20 26
1000000%3 ) 20 €26
13ve¥LISY )X 30  INd9NB 2<6
42 SQ  gWvavd 176
42 sa VHYdVYd 0Z6
102* INEISO* %0 100X )d 0 6l
102004000} 20 vie
10000000% )X 20 SORSdN Ll6
(SOMSaNI ¥ 20 @ASdAIN 9l6
102°@U3350°* V¥ lUulN)d 2 Sle
100040000 )Y 24 (113
1000VUV00u )X 30 ASdAIN Cle
{NSdn3NI VY 20 VASAM3IN 216
4€ sa JISslovw tle
0S¢y 20 VvIS1Q70 Ot6
4€ SO ASd0W &06
(RSd0T0) Y 30 VYASJGW 906 -
(SILONM) ¥ 90 VYSILONY L06
40 £ 1] 906
e S06
. 98° ¥8 906
$8°9°1498 W1 *C06
18°58 ¥ ONINN*206
Niugs ON3INg 106
e 006
03y¢ ] 664
WY WY yux (1]
avo3y *ON IndoNys2 lY Wl 168
ONYH3JO ONODJIAS = ONVH3IJ0 ASHIJ 41 HONVHE ONINY*EID 28 968
. . HONVYE *§3A ONINY 38 S6¥
€MOY Wil L1

ANIWILVLS FDUN0S AnLS

0t 39ve

440 AINlyd

21SEIS0INYN £I3SD

*Jevoive
(LT LE Y
woos

oouve
[ L1
000
0010
93900000
923200000

000800
000053 4
elvg

gotuovly
00v00Vv3
Iv68LINY
00100uvuY
000000%3
IV60LISsY

24100040
0ZUuoVoL
000000uY
44200000
€2000v00
000v0uu0
00000ULK
9200000

9200000
25200000
selooove

3033
¥001030%
e

19004073

@021
J302444S
34003vel

Co0e0)ve
3003 1J3r40

Eveueo
lveuou
oveoun
tveuuvo
36000
(YL
Jecuuvy
HolvvY
vo2uuy
#6200V
Y6200V
Yo2uuy
le2ouy
MeVVY
Jwlvuv
W0V
Juevou
L2417
wy2vov
Li Al
(T4 1]
202000
3000
wiivuy
eL2ube
912000
912000
eL2000
VLevuy
kP
Ivcove
\ LTI
LA LT
2920w
252000
52000
52000
¥S2000

452000
SS00
52000

252000
152000
4ve000
aveuoe

[
Y

wd 60 € oL/%2/79¢

F-11




NSWC TR 80433

{LLd0LL)
SNILSIT IDHNOS JILSONOVIaQ L3 IHNOIS

! ON3 69b
e 996
12€'vidn3l id L] ldn3L 296 00090000 %2v0U0
10000 )% no3  vidw3dl 996 000900
421 . 80 ARNIS S96 939000
J218 sQ YARDS 996 2232000
. nb3  4404Sd €96 . 932000
40 (Y1) 296 *32000
162004442 )X 90  SY4713d 196 63004344 02004
100005000 )X 3G AV13Q 096 00005000 0J20VLY
100108100)% 20 656 00109100 3peuue
100040000 )X 20 8ndva 856 - 000WOUU0 JYLOVY
10010002¥)X 20 avony 156 0010002H YHEVLY
.100U000%3)% 2 . 956 0000093 YHIOVY
13veBLISYIX 20 vO9NY S%6 ) IVOULISY yueLOY
1001uE000 )X 20 256 0010000 ¥HZULY
100040000 )% 30 YHdYQ €56 000RULVY Zu200V
. 40 sa 256 264000
102410000 Ix* 2t L 1d 20 156 004QaLlul 4veovy
J112*9t2cec 11 ‘c2vl )d 20 056 VYG0vIIL Qvevvy
Juloddx 20 2621vd 676 : dtud avevuy
40 sa #ve Iveouy
1024 4406Sg4 21l )d 20 (313 92200100 6veuvuy
Jt2'912E6E* LIt L1S)d 20 96 0000934€ LYV
1800 4% 20 1821va Sv6 YU04 YYSULY
40 sQ L2 TS yveuve
INIW3ILYLS 228N0S LWLS 3002 123r¥Q 201

11 39vd
440 INTud 24S1ISUsIHYN 12352 Mg 60 € ©4/79¢/¥0



—ncrye—y.

NSWC TR 80-433

APPENDIX G

SIN X/ X FILTER CHARACTERISTICS
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The Digital-to-Analog Converter (DAC) required a low-pass filter to correct
the sin x/x attenuation inherent in the converter. The low-pass filter
specifications are given in TableG-1l. FigureG-l is the schematic of the filter
used to provide this correction function to the DAC waveform. The response of
the filter can be found in Figure G-2. The low pass filter boards containing
eight filters per board were inserted into the Output Signal
Conditioner /Applications Hardware (OSCAH) appendix.




TABLE G-1

SPECIFICATIONS

FILTER TYPE:

FILTER CHARACTERISTICS:

CORRECTION ACCURACY:

FREQUENCY ACCURACY:

RC TEMPERATURE COEFFICIENT:

INPUT IMPEDANCE:

OUTPUT IMPENDANCE:

MAX INPUT VOLTAGE:

MAX OUTPUT VOLTAGE:

MAX OUTPUT CURRENT:

POWER:

DC DRIFT:

TEMPERATURE RANGE:

PACKAGE:

NSWC TR 80-433

SIN X/X FILTER CHARACTERISTICS

4 POLE LOW-PASS FILTER

CORRECTS FOR -SlNTX ATTENUATION OF D/A CONVERTER FROM

DC TO 2.5 kHz WHERE 2.5 kHz is +2.6 dB (SEE PLOT)
+.2dB DC TO 1.5 kHz (SEE ERROR PLOT)
£2%

300 ppM/ C

10 kQ MINIMUM

50 Q

+10 VOLTS PEAK

£10 VOLTS PEAK

+5 mA PEAK

+15V @ 75 mA/CARD (8 FILTERS)

+20 uV/°C (TYPICALLY)

0-50°C

8 OF THE FILTERS ARE PACKAGED ON A SINGLE PC BOARD
WHICH WILL PLUG-IN A CARD SLOT FOR AN AUGAT 8136-RG4
PLUG-IN PC CARD.
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